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РВЕЕАСЕ 
(Fourth Edition) 


The present edition is the outcome of a thorough revision and 
enlargement of the previous edition. The book has been made up-to- 
date in the light of the recent courses of studies for B.Sc. examinations 
of various universities for students taking the examinations at pass 
standard. 

Suggestions for further improvement in the materials of the book 
will be most welcome. 


January, 1986 AUTHORS 


(First Edition) 


The present book covers the courses of study of practical Physics 
of B. Sc. classes. Several books of practical Physics intended for 
students of B. Sc. classes are available but the present book has been 
written specially to incorporate the recent changes in the courses of 
study, and to provide guidance for the types of experiments which 
the students are required to perform during practical examinations. 

The special feature of the present book is that it deals with a wide 
variety of associated experiments in addition to the prescribed experi- 
ments. Numerous notes, hints, discussions and precautions have 
been added to the experiments described in the text to facilitate the 
understanding of the underlying ideas for performing the experiments 
successfully. Care has been taken to discuss the theory of the experi- 
ments in detail, so that the experimentor may not feel that he is 
performing an experiment mechanically. 

The book is the outcome of the experiences of the authors in their 
capacity as teachers and examiners in a University, and the authors 
believe that material of the book will not only serve the students 
in their practical classes and for preparing for practical examinations 
but it will also be useful to those who take up the teaching of Physics 
as a career after taking postgraduate degrees. 


Ci ) 


Several colleagues have helped us in many ways during the 
preparation of the manuscript. Their kind help is being gratefully 
acknowledged. "We are indebted to Dr. S. C. Prasad, Professor of 
Physics and Dean of the Faculty of Science, University of Bihar, for 
the kind encouragement which we have received from him. 

Our efforts will be fruitful only if the book serves the best interest 
of those for whom it has been written. We request our readers that 
they should kindly draw our attention towards the errors and 
ommissions, and make suggestions for the improvement of the book. 


March, 1968 AUTHORS 
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INTRODUCTION 


Errors in observation. Laboratory work in Physics involves the 
use of apparatus to make measurement which can be used either to 
make a definite determination—such as the specific heat of iron, 
etc.—or to investigate the validity of a law. Тп fact, physics is the 
Science of accurate measurements. All measurements taken during 
ап experiment are subject to the errors which might be (i) random 
errors, (i) systematic errors. 

Random error arises due to the incorrect judgement of the observer 
in taking different observations and small changes in the experimental 
conditions during the progress of the experiment. If random errors 
are only due to chance but not to any personal bias of the observer, 
then they are evenly distributed on both sides of the true value. Hence 
random errors can be minimised by taking several readings caerfully 
and methodically and then taking their arithmetical mean. So itis 
necessary to repeat the same observations a number of times. 


Systematic error arises out of faulty or incorrectly adjusted instru- 
ments, mistakes on the part of the observer in reading a scale, record- 
ing a number or ‘other similar effects, Its effect is to, make the 
readings systematically greater or smaller than the ‘true redding. 
Systematic errors can be eliminated once their source 13 known and 
the rule governing them is known. 

All instrumental errors, radiation loss or gain in calorimetric 
experiments, the error due to end effect in the determination of 
velocity of sound in air by resonance column method, etc. belong to 
this category. ' е 

When the source of systematic error is not known, it is advisable 
to check its presence by repeating the observations under altered 
experimental conditions. 


The determination of errors. There are different procedures for the 
determination of error expected in the computed mean value of the 
quantity to be measured, depending on what definition of errors is 
used. This gives a measure of the reliability of the determined value. 


The average error п is the arithmetic mean of all the error neglect- 
ing their signs. If ox, x, Х,........ > Xn are the values of n different 


T. P. Р.-1 
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observations of the same physical quantity p, the arithmetic mean 
being x, then the deviations (or residuals) are 

6) =X, —X, &=х.—х, 53=Xg—X, ...... s Ôn=Xn— xX. 


These deviations are taken to represent the errors, so that for a 
large number of observations the average error is given by 


ró Уб 


= t-a, 
М "NV n(n—l) ^m 


The root-mean-square error (or standard deviation) и is the square 
root of the average of th: Squares of the errors and is given by 


Шал НЕ 
"М VUuR-I)* tW m 
The probable error ғ is that error for which half of the total errors 


lie below it and half above it, and from theory of probability it is 
given by 


А Py 
r= +0°6745, V nay 
= £0°6745 n= 508453 п. - 


These formulae are valid when the number of observations is large 
and free fPom systematic errors and personal bias, 


Example 2 


Different 


Root- 
values of Arithme- Average | mean- Probable 
focal tic mean | Рема- error square error 
length (cm) tions rô У $? n error ғ 
be | 
\ \ 
(en РИА және ВИ E 
—0:02 | 
1519 0 | 
+001 | 0-06 0:001 ч ^ 
ur 00 0:013 0015 0:01 
+002 


It is important to note that various errors quoted above are of the 
same order of magnitude. Also the probable error and root-mean- 
Square error lose much of their quantitative significance when the 
number of observations is nof very large. Hence it is justifiable to 


e 
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select the average error for practical purpose and wri 
rite 
ү eats the result as 
Hence the physical quantity p is given by 
р=х&т. 


If quantities are added ог subtracted, the error of the result is the 
sum of the errors of each quantity concerned. If multiplication or 
division is used, the actual errors must be converted to percentage 
errors and these percentage errors added. 


The degree of accuracy of measurements. When an experiment is 
made іп which the measurements of various quantities are involved. 
it is essential to mote with what accuracy each quantity can be deters 
mined with the available apparatus. In the consideration of degree of 
accuracy with which the various measurements in an experiment 
should be made, a sense of proportion is required. It is often 
unnecessary to make every measurement to the highest degree of 
accuracy attainable with the apparatus used. The capabilities of each 
component used should be considered, and the degree of accuracy of 
the final result will not be greater than that of the last reliable 


ipstrument used. 


2 То see it mathematically, 
depends on x, у and z in the way 8i 


p-Axy"z НЗ). 


let us take a physical quantity p which 
ven by the equation 


expected small errors in the measurements 
so that the error in p, by the 
Then the proportional error 


Let 8x, бу and 52 be the 
of the quantities x, y and z respectively, 
use of these observed quantities, is ёр. 


а » бр 
in $ —. 
рн 
Taking natural logarithm of-eqn. (1), we get 
\ар=1а ААА х= тла ужи luz а СЩ 


Taking now the partial differentiation of eqn. (2), we get 
dp jx од 6): 
Р х у 2 


The values of 5x, 8y and 52 may be positive or negative and in some 
cases the terms on the right hand side of eqn. (3) may counteract 
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one another. It is necessary to consider the worst case in which alf 
the errors tend in the same sense (here --бх, —ôp, + 52) giving for the 
error ӛр the maximum value, so 


(=) =S + тб + nZ 2 (4. 
p y 2 


x 
тах 


where фу, » and 82. denote the proportional errors in the measure- 
е) 2 


ment of respective quantity. 
When proportional error is multiplied by 100, it gives the per- 


centage error, as бо ay 100 gives the percentage error of the physical 
P 


quantity p. 


Hence it is advisable to measure (i) the quantity having the highest 
power with higher precision than the rest and (ii) the smallest quantity 
involved in formula with greater precision. 


Rejection of observations. The chance of committing an error 
greater than five times the probable error in a single measurement is 
less than 1 in 1000; and hence this may be taken to be the maximum: 
permissible error. So it is advisable to reject those observations which 
deviate by more than five times the average error from the mean value. 

Numerical Calculation. The results of an experiment should .be 
calculated to a degree of accuracy merited by the observations. 
In order to save much labour in arithmetical calculations, it is ad- 
visable to cut down suitably the number of significant figures in the 
result at each stage in the calculation before dealing the next stage 
of the calculation. Generally, four-figure logarithmic tables will 
give the results with sufficient accuracy. Such tables can be relied 
upon to an accuracy of about 1 in 2500, 

" RASEN. зы if the last significant figure is zero, 
MK dente Y diu t though it is after the decimal. : Its 
ficant figures. If the Акас p o a d 
they should be written as a multiple os cx unter porum 
380000 may be written as 38x 105 goa Um RU e 

: nd 0:00039 as 3:9 x 10-4, if accu- 
racy of 1 part in 40 is claimed, s 

In general, all measurements should be expressed in a phrase of 
two parts : (i) the.pure number Which is the measure of ds quantity' 


252 о и 
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in terms of the unit employed, and (ii) the unit according to the nature 
of the quantity. 

Graphs. А graph is a pictorial representation in the form of а 
line, straight or curved, on squared paper, which shows the variation 
of one quantity with respect to another. 

Practical Points for graphs. (1) Plot the dependent variable as ordinate 
on the y-axis and the independent variable ах abscissa on the x-axis. 


(2) In general practice, the origins of the two variables should be 
zero. There are, however, cases where this is not convenient. In 
that case, first select the minimum values of the data of the two varia- 
bles. Then the nearest round numbers less than these minimum 
values should be taken as orgins for the two variables. The values 
of the origins of the two variables need not Қіші. But be excee-. 
dingly careful when calculating gradients and constants in these cases. 


(3) As far as possible choose scales for x and y which are suitable 
in that the actual angle (not necessarily the ‘gradient’) which the 
line makes with the axis lies between 30? and 60? and which utilize 
the maximum portion of the squared paper. То do so, first deter- 
mine the nearest round numbers slightly greater than the maximum 
data of the two variables. Divide the difference between this maxi- 
mum round number and the value of the origin along the axis, by the 
number of smallest divisions available along that particular axis. 
Then a simple number approximately equal to the quotient will give 
the value of one small division along that axis. Similarly do for other 
axis. It should be also noted that wherever possible, the smallest 
division should represent the unit of last significant figure up to which 
accuracy is claimed in the result, else the graph loses its significance. 


(4) Then put the values after each 10 small divisions of the squared 
paper. This should be done for both axes. Also label your axes 
with the quantities plotted along them and the units in which they 
are measured. 


(5) Locate the points on the graph by small dots in the correct 
position, with small circles round them. 


(6) If the graph is a straight line, draw the line with the help 
of a scale so that it passes through as many points as possible. Other 
points lying outside the straight line should be evenly distributed 
on both sides of the straight line. Points lying far-off the graph may 
be rejected. 
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Tf the graph is not a straight line, draw a number of short iem 
here and there among the points, where it is judged the curve shou 
be. Produce them bit by bit till a continuous curve is obtained. we 

(7) Give a title to the graph. Deductions made from the graph 
should appear either on it or very near it. 


(8) To obtain a good graph, take sufficiently large number of 
observations. 


(9) Wherever possible the straight-line graph should be used. 
This more accurately drawn, and deductions from such a graph 
are more reliable, than with curved graphs. If the relationship between 
the two variables is not a simple linear one, it is usually possible to 


obtain the straight-line form by plotting powers of one or other 
(or both) of the variables, 


Shape of the graph. The shape of the graph depends on the 
elation between the two variables, x and у. 

(i) If the relation is like У-тх--с, where т and c are constants, 
then the shape of the graph will be straight line. 

(ii) If the relation is like У —4a(x — c), where a and c are constants, 
then the shape of the graph will be a parabola. 

(iii) If the relation is like xy=k, where К is a constant, then the 
shape of the graph will be rectangular hyperbola. 

Interpolation and Extra 


polation. If the value of one quantity, say 
x, be given, then the Corresponding value of the other quantity, у, 
can be easily determined from the graph. First mark the given valae 
of x on abscissa. From this point draw a vertical broken line to cut 
the graph at a point. Enclose this point of intersection with a small 
circle. From this point of the graph, say A, draw a horizontal broken 
line to cut the ordinate. The value of the ordinate corresponding 
to this point of intersection gives the required value. ` 

If the point of intersection 4 lies on the graph, the value of y is 
determined by the process of interpolation, If the point А lies on the 
extension one way or the other of the graph, the value of y is deter- 
mined by the process of extrapolation. 

Uses of Graph. Graphs are used for four main purposes : 

(i) to deduce an average value of ratio, 


(ii) to investigate how much individual values vary from the 
mean, 


(iii) to show how one quantity varies with another, and 
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(iv) to deduce the mathematical relationships between two quan- 
tities. 

Guide to the students. (1) Know beforehand the name of the 
experiment to be performed. Do not come to the laboratory without 
knowing the following basic points regarding the experiment : 

(a) theory of the expt., (b) details of working of apparatus, and 
(c) the procedure with necessary precautions. 

(2) While performing experiment, pay a special attention to the 
necessary precautions to be taken. 

(3) Know beforehand the extent of the influence of the inaccura- 
cies of particular measurements in the expt. on its final result. 

(4) Measure carefully and precisely the quantity which contributes 
the maximum error in the result. 

(5) The degree of accuracy in the measurement of any physical 
quantity also depends on the available apparatus. If it is not possible 
to have the measurement of a quantity with great precision, which 
has more influence on the result of the experiment, then it is advisa- 
ble not to waste time in measuring the other quantities with great 


accuracy. 
(6) Take large number of observations. Take readings in decimal 


instead of fraction. 

(7) Record the readings in tabular form as far as practicable. 

(8) Do not omit the ‘zero’ when a reading does happen to сош- 
cide with a scale division. 


(9) Do not edit or manipulate a reading so as to make it come to 
the nearest scale division. The estimation of the last figure in a read- 


ing is vital for accuracy. 

(10) Do not make it your aim that your readings shall agree with 
the readings of your friend, but get your own independent radings. 

(11) Keep open and free mind without bias during experimental 
work. Neither assume that your first reading in a series of readings 
of the same quantity is correct, nor try to make later readings agree 
with it. Manipulated readings are valueless. 

(12) Have trust on yourself only and if there is any difficulty 
ask your teacher. 

(13) Keep the apparatus which is for the time being not in use 


near the middle of your working table. 
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(14) Do not place unwanted articles on your working table. 


(15) Take care in handling the instruments and in transit of the 
instruments. 


(16) Do not mix up plugs from the keys and resistance boxes. 

(17) Any part of the apparatus requiring frequent use and 
adjustment should be placed within easy approach. Do not keep 
your body in awkward position while taking readings. 

(18) Always throw water, acids, etc. in the sink. 

(19) Avoid the metallic parts of the apparatus from the contact 
of acid, mercury, water and other chemicals. 

(20) Do not jot down a few data on loose sheets of paper and 
trust the memory to fill in the gaps as it produces mistakes. 


(21) Do not forget to write the units of every measurement made 
and of the final result, 
(22) (i) Unless for some special reason it is desired to show a 


3100р of curves, a fresh piece of Squared paper should be 
used for each graph. 


(ü) Make sure you have labelled your axes with the quantities 


plotted along them and the units in which they are 
measured, 


(iii) Do not forget to give the graph a title. 
(iv) See that the deductions made from the graph appear 
either on it or Very near it. 


500 


1. СЕМЕВАГ PHYSICS 


SOME COMMON INSTRUMENTS 


1. Travelling Microscope 

This instrument is used for measuring very small lengths. It 
‘consists of a compound microscope M which can slide up or down 
alonga vertical pillar and can be fixed at any position by tightening 


the screw A and then 

a slow motion can be B 
imparted by the screw В. = 
The’ vertical pillar Ваза 
graduated scale S in 
centimetre. By the ver- 
nier V, attached to the 
microscope, the vertical 
displacement of the mi- 
‘сгоѕсоре can be obtained. 

The vertical pillar 
itself can slide within a 
groove made on à hori- 
zontal base provided 
with three levelling screws 
and can be fixed at any 
position by tighte- 
ning the screw C 
and then а slow 
motion сап be 
imparted by the 
Screw D. The : 
horizontal displace- (Fig: doy 4 
ment сап be read by means of а vernier V, attached to the pillar, on 
a horizontal scale 5, engraved on the base. The base should always 
be made horizontal; thereby the pillar becomes vertical. 

The eye-piece Е is fitted with cross-wires which ама be Sa tel 
focussed by moving the eye-piece. By the screw. E' attached to 156 
microscpe, the whole microscope can be moved up or down, oe 
adjusting the distance of the objective O from the object and is use 
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while focussing the microscope. There should not be parallax bet- 
ween the cross-wire and the image of object. The microscope can 
be kept horizontal, inclined or vertical. 


In measuring the vertical length the axis of the microscope should 
be kept horizontal, while measuring the horizontal length, its axis 


should be kept vertical. 


2. Cathetometer Telescope 


It is an instrument used for measuring vertical distances (Fig. 1.2). 


(Fig. 1.2) 
facilitate the scale and vernier rea 
telescope is fitted with Cross-wires wh 
by moving the eye-piece, 


It consists of a small telescope 
T fixed to a carriage with its: 
axis horizontal. The carriage 
can be moved up and down 
along a vertical column AB 
having triangular cross-section. 
The telescope carriage can be 
fixed to any position by tighte- 
ning the screw С and then а 
slow motion can be imparted 
by the screw M. The vertical 
displacement can be read by 
means of a vernier V attached 
to the carriage, on the vertical 
scale engraved on AB which is 
attached to a heavy frame 
provided with levelling screws 
at the base, The telescope can 
be rotated with 4B about the 
vertical axis. The telescope is 
provided with a spirit level L. 
on the top and the instrument 
is levelled with the help of 
levelling screws at the base and 
the screw F below the telescope 
in the telescope carriage. The 
instrument is also provided 
with a magnifying glass to 
dings. The eye-piece of the 
ich should be sharply focussed 


a ee. ә РИ = В 
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re must be taken to ensure that 
ical, (11) the axis of the] telescope is- 
focussed on the cross-wires.} 

4 for measuring horizontal dis- 
1 when the instrument stands оп: 


In using the instrument ca 
(i) the vertical column AB is verti 
horizontal, and (iii) the object is 

This instrument can also be use 
tances by keeping AB horizontal 
5з and Ly. 

The use of a cathetometer involves serious errors and troublesome- 
adjustments, and hence it is not very much used. 


3. Spherometer 


Determination of radii of curvatures of the convex and concave sur- 


faces of а watchglass. y 
Theory. On placing the spherometer on a spherical surface, the 


three outer legs stand 


on the circumfere- ^ 
nce of a circle of қ, pega ее 
radius a (diameter Е а |с @ “. Surface 
AB). Let the height ДА % А 
through which the % \ И 
centre Jeg is raised ! | 
be A Then iE R N 4|9 pM 
is the radius of x X / Sh 
curvature of the м | Кя (b 
spherical surface, PN Н pef 
we have from the Pis ud 0. 
properties of inter- (a) 
secting chords, . 
AGxGB-DGxGE, (Fig. 1.3) 

ог a=h(2R—h), e Ва. 

2h 


If c be the distance between the two outer legs of the spherometer,. 


m о Dar S 
T a cos 30°, а y 


Econo uA 
Hence R-u a «c PDC 


Procedure. (i) Find out the value of each division on the vertical 
scale. Next give 10 complete rotations to the disc by turning the 
milled head and find out by how manyi divisions of the vertical scale- 
the disc advances. From this calculate the distance by which the 
screw head advances in one complete rotation. This gives thepitch of 
the instrument. Divide the pitch by the number of divisions on the 
circular scale. This gives the least count of the instrument, that is,. 
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the distance by which the screw head advances when the disc is 
turned through one division of the circular scale. 


(ii) Place the spherometer on a plane glass plate and turn the 
milled head until the centre leg just touches the plate. Note down 
the initial reading of circular scale. Repeat it five times. 


(11) Next, place the spherometer on the convex surface of the 
watch glass. Ву turning the milled head, raise the centre leg until it 
just touches the convex surface. Note down the numbers of complete 
rotation and the final reading of the circular scale. Repeat it five times. 


(iv) Similarly, find the number of complete rotations and the 
final reading of the circular scale for concave surface. Here the 
centre leg has to be lowered down. 


(v) To find h for convex surface, subtract initial reading from 
final reading of circular scale; but in case of concave surface, subtract 
final reading from the initial reading of circular scale. 

(vi) Press the spherometer lightly on a white paper fixed on a 
drawing board in order to obtain the impression of the tips of the 
outer legs. Measure the distances between these points with a scale 
and obtain the mean value of c. 


(vii) Using equation (1), calculate R for both surfaces. 


Observations 
(a) Pitch of the instrument ........ ст 
Least count of the instrument— ..cm. 
x m, , —————————————————————— мн 
3 è Readings on circular scale 
о (д - 
3  |Ез|ЕЗс Ral = 
РА a Ед € 8 
B 5 8 1855, Difference x +8 8 
8 | 9 |5865 Initial | Final | Diference | ІС-еВ |Ә = 
Б eise n T F d (cm) Wil} а 
na Z gt E 3 
7. 2 з = 
_—— —-—к=—= @ * 
р : 
x 2 =) 
E 5 
с 
9 ; 
o À 
5 | 
SER ERE es = 
Бы I 
AES d-F) 
в { 
g 
Е ) 
© : 
5 


z] 
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(b) Distance between outer legs, (1)........ em; (ii)... : siess CM; 
он) cm. Mean, с=...... cm 
Calculations. Radius of curvature of convex surface, 
АЕ cm. 
Radius of curvature of concave surface, 
Ка ст 
Result. Rye... бта; апа. Rewer ст. 


Precaution, Avoid back-lash error by turning the screw always in. 
the same direction while taking the different readings. 


PHYSICAL BALANCE 


EXPERIMENT 1. Determination of the mass of the given body by 
the method of oscillations applying buoyancy 
correction. 


Apparatus. Balance, weight box, and the body to be weighed. 


Theory. (i) Method of Oscillations—When the beam of a sensitive 
balance is released, the pointer continues to perform damped simple 
harmonic motion with decreasing amplitude. To wait for it to come 
to rest would make weighing a slow process and even the position of 
the true resting point would be affected by errors due to friction. 


But it is not necessary to wait till the pointer comes to rest, for 
by noting the successive turning points of the pointer, beginning from 
left for two complete oscillations so that an odd! nuniber of readings 
(five) are obtained, its positions of rest (resting point) can be determined 
in the following way. The mean of the three readings to the leftas 
well as the mean of the two readings to the right are to be determined 
separately. The mean of these two means, will give the resting point 
of the pointer. This method of weighing is called the method of 
oscillations. 

Let P be the resting point of the pointer for an unloaded balance, 
Q be its resting point when the body is on the left pan and weights 
W, (slightly less than the mass of the body) on the right pan, and R 
for the load W. (slightly greater than the mass of the body). 


Then since the shift of the resting point of the pointer for (W,—W,) 

эт 13 (О — R) divisions, the weight necessary to shift it through (Q — P) 

1. The reason for an odd number of readings is, that due to the decreasing 

amplitude of oscillation due to friction at knife-edges, resistance of air etc., 

the resting point obtained from an even number of readings will be lying 
too much to one side of the correct resting point. 
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divisions will be QE S. Hence the correct weight of 
the body, 
w= [w+ 9-029 m wa gm. 4% (1). 


(ii) Buoyancy Correction—Since the body and weights counter- 
poising the body are in air, the upthurst of air is felt by both of them. 
Hence the weight so determined does not give the real weight of the 


body unless the volume of the body and that of the weights used are 
equal. 


Let M be the true weight of the body (in vacuum); W, the weight 
of the weights counterpoising the body; D, the density of the body, 
d, the density of the weights and c, the density of air. The volume 


of the body is M and that of the weights is и. Hence the weight of 


the air displaced by the body is of and that of the weights is © “ 
—1 
MSM _p_oW. =. 29 Аба 
M-I =W- >; or М Д6 zy 5); 


-w(1- SY 1S Y (1-949. 
or M="(1 (1+5) "(i M E) 


neglecting higher powers of c/D and ора 


= Nite 1-4) ч). 


Usually W consists of weights of brass (W’ gm.) and aluminium 
(W" gm). Hence relation (2) may be written as 


M=W' ti 5-2)) mr (1-2) NE 


where d, and d, are densities of brass and alumini i 
З nium i 
Putting the value of о, dy and dy, we have respectively 


, 1 1 
м= 1+0 0012 1-1) gef iig. т 
| +0 "001 (2 ra) + (1+ 00012( 4 -Xx)- (4). 


Procedure. (i) Clean the ba 
clean cloth and see that all roper pl г 
the levelling screws until the plumb line is хайыр Ее tio bot 
from the arrestors by turning the handle (or the knob) and see that 
the pointer oscillates freely. Adjust the screw nuts at the ends of the 


lance by a came! 


і -hair brush or by a 
parts are in their р 
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beam until the pointer swings almost equally on both sides of the 
‘central mark of the ivory scale. Remember that the adjustments 
should be done only when the beam is arrested. Also the handle 
Should be turned to arrest the beam only when the pointer is passing 
through the central mark. 

(ii) To make calculation easy, assume the central mark of the scale 
to be 100, the marks to 
thel eft as 90, 80....and 
tothe right as 110, 120,.. 
as shown in Fig. 1.4. 
Raise the beam care- 
fully and set it swinging 
by careful manipulation of (Fig. 1.4) 
the arresting control (or by fanning one pan with the hand) so that 
the pointer swings freely over the scale not exceeding three-fourth of. 
the entire scale. When the turning points are, say, little less than 


50 on the left side, close the glass door of the balance case. After a 
few oscillations the pointer will swing steadily. 


(iii) Take readings of the turning points of the pointer for two 
Successive oscillations, three to the left and two to the right. Readings 
between the marks should be taken by eye-estimation (each 
estimated division should be 1), avoiding parallax. Take the mean 
of the three readings to the left and that of the two readings to the 
tight, Find the mean of the two means which will give resting point 
of the unloaded balance. 


(iv) Repeat the above process (iii) three times, raising the beam 
every time and taking the readings of five consecutive turning points 
beginning from left. Find the mean of these three resting points. 
CallitP. This should be near the central mark of the scale, 

(v) Now place the body to be weighed on the left pan and suitable 
weights on the right pan. То begin with use a higher weight and 
then systematically reduce it until the pointer swings about a mean 
position which is 4 or 5 divisions right than that in the unloaded 
condition. Obtain as before the mean resting point (Q) of the loaded 
balance. Rider may be used for finer adjustments, Record the 
weights lying on the pan and call it №1. 

(vi) Next obtain the mean resting point (R) with the addition 
of 4 or 5 mgm (or nearly 10 mgm if the balance is not sufficiently 
sensitive) on the right pan. Record the weights again and call it Wa. 
R should be a little less than P. 

(vii) Calculate the weight of the body from the relation (1). 

(viii) Note down the density of the body which is weighed, from 
а book of constants. Calculate the true weight of the body using 
the relation (4). 
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Observations 
Density of the body (lead), D=11°37 gm/cc. 


Load on Pans Turning Points Mean Mean 
о - Resting) Resting 
Point | Point 


Seep ieee oF 


Left Right | 053. | Left Right Left | Right 


— | 


(1) 51 | (ii) 150 
(iii) 54 | (vi) 147 5377 | 1485 | 1011 | 


(v) 56 
Т н Gy er | Gi) - 
E м |» a a ye 
(у). 
©. | Gta: А = 
3 | gii) . | 0 -- (=P) 
(у)... 
200 ( Gp Isi pee 
70 | di) 151 
100 ‚ | 608 | Gv) 149 62:7 | 150 | 1063 
0:05 TM (v) 65 
воду | 3025am | 2 | ips | 9) —- 
(у)... 
-W @ a. | (8) 2. ETE wes (29 
(=W; gm) 3 (ii)... (iy) 12. 
200 @ 35) @ 138 “та? 
100. (іі) 58 | (іу)135 | 57.7 |1365 | 971 
0:2. 1 (v) 60 
0:05 
0:01 iz a 
Body | 3026 вт ӨЛЕ |Б 
|) е.) 
(=W: gm) (у)... 
(yd HAE: : | 
Ii) ау ee PU TH 
3 (у). С? (=R) 


Calculations. Weight of the body 


Wa [Wy ФРИ. " 


Ra m 


EXPERIMENT 2. Determination of sensitivity of 
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5:2-- 0701 
9:2 
= (30*254-:005)— 307255 gm. 
True weight of the body . 


= [3025+ | == 


DE 1 . (1-зт 
a gap 119 рт 


~s0f1-+00012( ты) 
11:37 840 


4 1 1 
x 0:25 s <> — a 
x 0:255 {1+0 0012( TET, шеу 
--29:999--0:255--30:254 gm. 
Result. Wt. of the Бо4у--30:255 gm. 


True wt. of the body = 30254 gm. 


Precautions. (i) The body to be weighed must not exceed the 
maximum weight permissible for that balance. (ii) While adding 


or removing weights, the beam should be arrested first and then 
(iii) At the time of recording, 


weights should be added or removed. 
the left turning points should lie approx. between 40 and 80, and the 
right turning points between 120 and 160. (iv) P should lie between 
Q and R. (v) The glass door of the balance case should be closed 
while taking readings of the turning points. \ 


a balance with different 
loads. 

and two weight boxes. 

Theory. The sensitivity of a balance is the number of scale divisions 


through which the pointer moves due to 1 mgm difference of weight 
in the pans. The angular deflection 0 of a balance beam due to 


an excess weight w mgm is given by 


Apparatus. Balance, 


tan 0= 


wa 
1000 Wh’ 
W, the weight of the beamin gm 


where a is the length of the arm; 
f the beam and 


and h, the distance between the centre of gravity О 


the fulcrum. As 0 is small, tang=0= 4, 


T. P. p.-2 
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where d is the displacement of the pointer on the scale and 1, the 
length of the pointer. Hence 
qnss done. al 
Sensitivity === ТОО. 
This shows that the sensitivity is higher (i) the longer the arm, (ii) the 


smaller the value of A, (iii) the lighter the beam, and (iv) the longer 
the pointer. 


When the three knife-edges are parallel and lie in the same plane 
the sensitivity is maximum and does not change with load. Usually 
the central knife-edge remains a little below the plane of the terminal 
knife-edges and hence sensitivity is /ess than the maximum. value. 
When equal weights are placed on the pans, the beam bends and 
lowers ‘the terminal knife-edges. Consequently, the sensitivity in- 
creases. When the weights added on the pans are sufficient to lower 
the terminal knife-edges below the central one, the sensitivity decreases 


again. Hence the Sensitivity at first increases with load, then remains 
constant, and finally decreases. 


Procedure. (i) Make all the preliminary adjustments of the balance. 


(ii) Determine the restin 


£ point P of unloaded balance by noting 
five consecutive turning poi 


nts, beginning from left. 

(iii) Again determine the rest 
of 2* mgm (say) is added on the ri 
second mark of the right arm). 
balance for no load from the rel 
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(v) Repeat the operation (iv) with 20, 30, 40, etc. gm weight 
on each pan. In this way finish the experiment when the balance 
has been loaded up to the 
maximum permissible load 


E 
for that balance. | 
(vi) Plot а graph with E 
load along x-axisand the E 
corresponding | sensitivity Е 
along y-axis. The -nature of = 
the graph will be of the = 
Ё = 8 = 
ee in fig. 1-5: This 5 bang © 
graph кон the variation (Fig. 1.5) 
of sensitivity with loads. 
Observations 


Tem 
Load on Pans Turning Points Mean exu 
BO = Resting =Р—0 
of Point 2 
obs! rere | Right | Left | Right | Left | Right diy./mgm 
eee 
о |o |, 1&8 
(11)... (iv) “ 
1 (9) -. (=P) 
Q -| Gi) 
0 дін, in E (iv) ) со 
в) --| ii) 
10 gm | 10 gm | (iii) ---| (iv) À 
2 D ej- E (=P) 
10 gm | () -| (ii) 
10 gm.) ан. bs 
2 тат | (v) .. (=0) 
3 
4 


Conclusion. The sensitivity at first increases with load, then 
remains constant and finally decreases. 


Note. Here it is sufficient to determine the resting point once 
only at each load, 


t 
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EXPERIMENT. 3. Determination of the spacific gravity of a solid* 
soluble in water using a specific gravity bottle. 


Apparatus. Sp. gr. bottle}, balance, weight-box, thermometer, 
solid and a liquid in which the solid does not dissolve. 
Theory. Let 4 
the weight of the empty sp. gr. bottle=W, gm, 
the weight of the bottle +solid (filling about half of the bottle) 
: =W, gm, 
the weight of the bottle+-solid+ insolvent liquid (filling rest of 
i the bottle) = Из gm, 
the weight of the bottle + insolvent liquid filling the bottle = W, gm, 
the weight of the bottle J- water filling the bottle = W; gm. 
Then, the weight of the solid taken = (W, — №) gm, 
the weight of an equal volume of the insolvent liquid 
-[(V,—W) —(W4— W;)] gm, 
the weight of the insolvent liquid filling the bottle 
=(W,— W1) gm, 
the weight of water filling the bottle=(W,;—W,) gm. 
Г. Sp. gr. of solid with respect to insolvent liquid 


[ru ИИ 2 


QV -W)-QW.-W; 


and sp. gr. of insolvent liquid with respect to water at room- 
temperature 


S,-PA-Wi 
W;—-W, 


^. Sp. gr. of solid, S-S,XS,xP, [v py, the density of water 
at °C, is numerically equal to 
its sp. gr. in с.р.5. system] 


= W.-W, W,—W. 
Я, o um — 
(Ws-W,)-(W,— Wa) *Ww.—w, X pt. 


Procedure. 
with dilute nit 
Fill the bottle 


D Wash the bottle with dilute caustic soda, then 
S TM finally with water for several times. 
ШУ with water (preferably distilled water and 


Б ч 
Applying temperature correction. 


It is a bot Я 
Ы їп И 5 that error due to sarface tension 
mall as i ; Я s 
ground glass stopper having a capillary hore Possible. It is provided with a 


T 
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carefully insert the stopper so that no air-bubble is left within. Wipe 
off the excess water on the outer sides of the bottle by means of a 
clean blotting or filter paper. Determine its weight (W5) by the 
method of oscillations. 

(ii) Then throw away the water and dry the bottle-and the stopper 
by passing hot air and determine the weight of the empty bottle with 
the stopper (W ) by the method of oscillations. 


(iii) Fill the bottle about a half with the given solid (say, salt). Deter- 
mine its weight with the stopper (W+) by the method of oscillations. 

(iv) Fill the rest of the bottle with insolvent liquid (usually, kero- 
sine oil) taking care that no air bubble is left sticking to the solid 
within the bottle. Shaking the bottle may be of help. Carefully inserts 
the stopper and wipe off the excess liquid on the outer sides of the 
bottle as before. Determine its weight (Ws) by the method of 
oscillations. 

(v) Now throw away the liquid and solid and wash the bottle 
several times with the liquid so that last traces of solid are removed. 
Fill the bottle completely with the liquid. Carefully insert the 
stopper and wipe off the excess liquid on the outer sides of the 
bottle. Determine its weight (W4) by the method of oscillations. 

(vi) Note thetemperature of the water by а thermometer. Note 
down the density of water (рг) in c.g.s. system at that temperature 
from a book of constants. f 


Observations 


Temperatures of water, {=....°С. 
Density of water at (2)....?C, ю,=........ gm/cc. 
г ое г ааа ns Len c 
Load оп Pans Turning Points r Mean 
- Resting 
А Point 
Left Right Left Right Left Right 
PIDE ОЕТ? 
Nil Nil (iti) ... (у)... 
e ыз 
Bottle-+- (i) Gnu.” Б 2. 
Water 2 (i)... | бу)... m S Y gu 
(Ws) gm (9) epu WE. ls CHA d 
..gm [ges (Чу... T LIP Sry 
4 + (19 .. | Gv) " ы 
шет (у)... 
фє.в хт, W.B. LIBRARY- Wi sse 
LU. 4 . 7 ‹ 6 5 


ms тоа 
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Pac Q9. Se 


ing Points Mean 
Loan on Pans Turning | — 
А , Point 
Left Right Left Right Left Right 
Empty (i) = (ii) 2 
bottle + gm (qi... у)... 
Wy) (у... 
..gm Чу 5; (m. 
+ (iii) ... (її) + 
mgm | (у) | 
--------------------------12222.Т.2.,.,,.,.,.,., 
W,-....gm. 


Similarly tabulate data for the other weights. 
Calculations. Sp. gr. of solid 


W.-W,) W,—W. 

5- ( 2 1 4 £ X Pi. 
WW- W-WA) WW" 

Result. Sp. gr. of solid = 


Precautions. (i) Air bubbles should not stick to the bottle or the 
solid within the bottle. (ii) The outer sides of the bottle should be 
dry before each weighing. (iii) Hold the bottle as little as possible so 


as to minimise the loss of liquid due to expansion caused by the heat 
of the hand. Hold the bottle by its neck, 


Note. Ifthe solid is insoluble in water, water should be used in 
place of liquid. Hence, S2... We-W — 
(0 071) – (3 И) 


wt. of bottle--solid--water filling the rest of the bottle, 
and W,=wt. of bottle + water filling the bottle. 


ASSOCIATED EXPERIMENTS 
1. Indie lengths of the two wires т the given tangle without 
untangling it. Samples of wires are supplied. 
tangle in air and water. Find 
1 give the volume of the tangle, 


* Pa, 
where W,= 


Hint. Determine the weights of the 
the 1058 in weight (in gm.) which wil 
V (іп сс). Calculate its density D (in вт/сс). Again determine 


the densities d; and d, of the sam 
ples. Measu ii i 
гу and ғ, By means of a screw gauge. To M 


Let M — mass of the tangle, 


m, —mass of the first wire, m, — mass of the second wire, 
, 
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у; = volume of the first wire, y, — volume of the second wire, 


1, — length of the first wire, /, —length of the second wire. 


Then, 
Ex M т т» 
И=у-у., Ог D d T T 
M n m» 
Also M=m+m,, ог Fa =. F 


Subtracting (2) from (1), we get 


”"(1-4)- м(2-а) 


вл а CTS 
SED eser) 
"ия 
Again, ПЕЕ DM 
Similarly, l= = = E 


From equations (5) and (6), calculate 1, and ls. 


(1). 


(2). 


(5). 


(6): 


Note. All weighings should be done by the method of oscillation 


2. Find the number of steel balls hidden in a given lump of paraffin. 


Samples of paraffin and steel balls are given. 


Hint. Determine the density D and volume V of the lump. ` De- 


Let п= по. of steel balls hidden in the lump, 
y= inr? = volume of one steel ball. 


termine the density d; of the paraffin (sample). Measure the radius 
r of the steel ball (sample) by means of a screw gauge and also- 
determine its weight m. Calculate the density dą of the steel ball. 
is advisable to find the average mass and radius of the ball by taking 3 
5 balls. 


It 
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density of the steel ball, d;— z, 


and the volume of steel balls hidden, у — nv. 


Now И=у:-{у., ог vytnv=V 
| = 4-р 
ог п= yo , Where у, = V| 4-2) [from Q. 1]. 


Knowing уз, V and v, find п. Note that all weighings should be 
done by the method of oscillations. : 


3. Find the volume of air enclosed in the given glass bulb. A sample 
of glass is given. 

Hint. Determine the wt. of the bulb (W,) in air, wt. of the 
sinker (W) in water and the wt. of the sinker and bulb, (Ws), 


both in water. Find the volume of the bulb, d = Bacon Es) | А 
t 
Determine the density d of the glass (sample). 


‘Now, valume of the bulb = volume of air inside--volume of the 
glass envelope. 


But volume of the glass envelope 71. (neglecting the mass of 


the air inside). 
/. Volume of air inside-( V- Ha) (in cc). 


Note. All weighings should be done by the method of oscillations. 


4. Find the volume of air enclosed in the given piece of cork. 
Hint. If W,=wt. of the cork in air, 


= мі. of the sinker in water, 
Ws-wt. of the sinker and cork, both in water (when cork 
и : is not boiled), 
W,=wt. of the sinker and cork, both in water (when cork is 
boiled for about 15 minutes); 
г. Volume of cork +air inside. Vi—(Wa— Ws) 
р, : 


Е ИВА 


and volume of cork alone= _Wi-—(Ws—W,) 
P; , 
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where р; is the density (gm/cc) of water at t°C. 
Wi=(Ws- Ws) um Wi-(W,— Wo). 
Pr 


*. Volume of air inside= р 
t 


All weighings should be done by method of oscillations. 
5. A mixture of sugar and salt is given. Find its percentage com- 
position. Samples are supplied. 


Hint. Using sp. gr. bottle, determine the mass M and density D 
of the mixture. Also determine the density d; of salt and density 
d, of sugar [using the samples supplied]. 


`. Volume of the mixture, йәй, 


Also, volume of the salt in the mixture, v; =V a ) and the 
277641 


volume of the sugar in the mixture, у= И 5-4). [See Q.1] 
eNU277 1 


Using the above relations, find V, v, and уз. 


Hence percentage of зай =" x 100, 


and the percentage of sugar = А х 100. 
Also for percentage by mass, 


єс. =й 57 x 100. 
P. с. of salt yp X 100 and p.c. of sugar= 77 x 100 


6. Show how the density varies with concentration of a solution of 
common salt, 


Hint. Take 200 сс of water in a measuring cylinder and dissolve 
init about 10gm of salt (previously weighed іп а watch glass). 
Using sp. gr. bottle find the density of this solution. Repeat this 
process dissolving 20, 30, 40, etc. gm of salt in 200 cc of water. 
Plot a graph taking concentration (mass of the salt dissolved per 100 
gm of water) along the x-axis and density on the y-axis. The 
resulting graph will be a straight line. і 


7. Find the specific gravity of sodium chloride at 45°C. 
Hint. Find the weights W, and И’, as described in Expt. 3. But, 


4 
7 


26 А TEXT BOOK OF PRACTICAL PHYSICS 


before finding Из, W, or Wi, bring the liquid or water taken in 
the bottle at constant temperature of 45°C. For this, suspend the 
bottle inside a beaker containing water. Heat the beaker and stir the 
water constantly. When the temperature of the water in the ‘beaker 
approaches 45°C (indicated by a thermometer suspended in the 
beaker), remove the burner for a moment and again bring it below 
the beaker till the temperature is constant at 45°C. After a few 
minutes, take out the bottle. Cool it and weigh it. Here р, is the 
density of water at 45°C. 


MOHR’S BALANCE 


EXPERIMENT 4, Determination of the density of a liquid by Mohr's 
balance. 
Apparatus. Mohr's balance, glass cylinder, liquid (copper sulphate 
solution, kerosene oil, etc.) and distilled water. 
Description of the apparatus : MOHR'S BALANCE. It consists of a 
|. beam АВ pivoted 
at C on a knife- 
edge. А sinker 5 
(usually provided 
witha thermometer { 
inside it) hangs 
‹ freely from В by 
fine metal wire. The 
weight of the sin- 
ker and of a 
counterpoise on the 
arm CA are so 
adjusted that when 
S hangs freely in 
(Fig. 1.6) air, the pointed end 
{ , A lies in line with 
the pin Е. To ensure this, W L. The СВ іѕ 
divided into ten equal part g the d San e 
ted on a stand whose heig he screw D. 


Tee types of riders, ] 
n the ratio 1 


there is a levelling scre 
$. The pivot Supportin 
ht can be adjusted by t 
It is also provided with th 
small, whose weights are i 
are two riders of each type. 


arge, medium and 
:01:0201. Usually, there 


Theory. When the sinker is immersed jn water of density р; at 
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temperature 1°C, suppose the equilibrium is restored (i.e., the pointed 
end А is brought in a line to pin E) by placing large rider of weight 
w on the xth mark of the graduted arm oflength /, the medium rider 


of weight 10 on the yth mark, and the small rider of weight am on 
the zth mark. Then, 
x w у №: 7772 
AE wo. yes - que. d£ 
мыр, то «39: 1 * 399 730 
PN (ec Erg EC RC sis (4), 
Ж mie (+ 100 +750)" (0 


where у is the yolume of the sinker. 
When the sinker is immersed іп a liquid of density P, suppose the 
equilibrium is restored by placing large rider on the mth mark, the 


medium rider on the nth mark and the small rider on the pth mark. 
Then 


w n и p 
10° 10°! * 109 ^ 10 


Ay ee it 
». тб 14 


or tv c 0. ex) m" 
i (+ 100 ` 1000)" ( 
Dividing (2) by (1), we get 
m n p 
p (10+ 100 *1000/ 
Pob EEG a£ 
(o+ 100 + 1090) 


Pe ы 23) 
ay е 
+1002 100) 
The first term on the right-hand side is called the apparent density and 
the second term, the correction factor being equal to density of water 


бо aut mel non cep 
i e(t 100” е) Tx 
10 


100 1000 
apparent density of water). 
Procedure. (i) By means of screw D adjust the height of the beam 


at t?C divided by (= Spe +155) in the above case (that is, the 
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until the sinker is well inside the glass cylinder (of course, empty) 
placed on a table. 


(ii) See that A is in line with E, when the sinker is hanging freely 
in air. If not, bring it by means of screw Land if necessary, rotate 
the base without disturbing the upper part of the instrument. L should 
be in the vertical plane passing through the axis of the beam, 


(iii) Fill the glass cylinder with distilled water and place it so 
that the sinker is completely immersed in it, without touching the 
walls of the cylinder. The equilibrium will be disturbed. Bring back 
the equilibrium by placing riders over the marks on the arm CB. 
Note the graduations on which the riders have been placed and the 
types of them. Repeat it three times. This will give the apparent 
density of water. 


(iv) Note the temperature of water by the thermometer, Note 
down the density of water (рг) at the temperature from a book of 
constants. Calculate the correction factor, 


(v) Wipe of the water on the outer sides of the sinker by means 
of a blotting or filter paper. Take the liquid (copper sulphate solu- 
tion, kerosene oil, etc.) in the cylinder in place of water and place it 
so that the sinker is completely immersed in it without touching the 
walls of the cylinder. Bring back the equilibrium by placing rider 
over the marks on the arm CB. . Note the graduations on which the 
riders have been placed and the types of them. Repeat it three times. 
This will give the apparent density of the liquid taken. Multiply the 
apparent density of the liquid with the correction factor which will 


give the real density of the liquid. Also note down the temperature 
of the liquid. 


(vi) Repeat the operation (у) with another liquid, 


Observations and Calculations 
Enter your data as shown below : 
Temperature of water, #=25°С. 


Density of water at 25°C, р,= 0:997 £m/cc (from the book of 
Constants). 
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(A) Readings for the apparent density of water. 
ВЕЕ аа ен аана 


М 


Position of riders Apparent М 
ensity of ean 
чо water (gm/cc) 
Large | Medium | Small (gm/cc) 
1 9 4 9 0:949 
2 9 5 0 0:950 0:948 
3 9 4 0:946 
š р, 0:997 
/. Corre ctor = =——__~4 n = 
rrection factor App. density of water ^ 0:948 L051, 
(B) Readings for the density of liquid. 
Position of riders Appa- | Mean Real | Tem- 
2 rent | App. |Correc-| density | pera- 
Liquid No. density |density| tion | (gm/ | ture 
used of Me- (gm/, (gm/ | factor) сс) | (9C) 
obs. | Large | dium |Small| cc) |. co 
m eee t EXE UN 24 
| 
1 9+3 2 0 [1:22 |122 | 1:051 |1282 |29С 
(ѕау) 
Соррег in 
sulphate 2 
solution 
3 
1 7 5 6 | 9756 | 0-756 | 1:051 10794 | 25°C 
(say) 
Kero- | 
sene oil 2 s | 
Бен мене | ee EL tse | 
р пн з 6 


Result. Density of copper sulphate solution at 25°C = 1:282 ет/сс 


Р » kerosene oil at 
Precaution. 


the sinker. 


25°С=0:794 вш/сс. 


(i) Air bubbles should not stick to the outer side of 
(i) At the time of bringing А in line with E the 


nstrument should be protected from air draughts. 
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ASSOCIATED EXPERIMENT 


1. Check the graduations of a common hydrometer by a Mohrs 
balance. ы 

Hint. Using different liquids, determine the density of each, Паша 
by both the instruments. Plot a graph taking density p (as measured 
by Mohr’s balance) along the x-axis and correction, (P —»^) (P' is the 
density measured by hydrometer) along the y-axis. 


ACCELERATION DUE TO GRAVITY 
EXPERIMENT 5. Determination of ‘g’ by a bar-pendulum. 


Apparatus. The bar-pendulum, knife-edge attached to a rigid 
support, metre scale, stop-clock and spirit level. 
"Description of the apparatus. BAR PENDULUM.* It consists of a metal 
f bar about a metre long 
and about 2 cm wide, 
drilled with small holes 
(nearly,5 mm in diameter) 
at regular intervals Kabout 
2 ст apart) supported by 
a knife-edge through these 
holes. The knife-edge f is 
fixed in a wooden board 
infront of which there 
are two screws, while at 
its back there is an adjus- 
table levelling screw. 
Theory. The periodic 
time of a compound pen- 
dulum is given by 
k?+ h? 
T=2n,/ hg .. (1), 


(Fig. 1.7) 


_————-—— 


where Т is the periodic 


- *If this is not available a metre rule can be used with small holes drilled 
symmetrically at intervals of 4 cm. 


A knitting needle passes through these 
holes and supports the rule on two rigidly held razor blade 'edges. 
T There can be slight variations in the manner of suspending the pendulum 
with the knife-edge. 


x 
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time in sec, h the distance of the knife-edge support (point of 
suspension) from the centre of gravity of the bar (pendulum), in cm,. 
k the radius of gyration about an axis through c.g. and parallel to the 
axis of rotation, in cm, and gthe acceleration due to gravity in 
cm/sec/sec.' 


Rewriting eqn. (1) as a quadratic in h, we have 


а Г ТЫ 
h 213 h+k*=0 s (2). 
Eqn. (2) will have two values of h, say hy and Л». Hence 
T? 2 e hi+h* 
hith = 48 = 41210472 55 Б 
а, Oe С 
and № =, ог k=Ẹ4 hh; .. (4). 


Since the sum and produces of h, and Л, are positive, so Лу and hg 
are both Positive. Hence there-are two points of suspension on the 
same side of c.g. for which the periods (T) would be the same. 
Similarly on the other side of c.g. there will be two points of suspen- 
sion for which the periods would again be equal to T. The distance 
between two such points which are asymmetrically situated with 
Tespect to c.g, and for which the period of oscillation is Т, will be 
length of the equivalent simple pendulum [from fig. 1.8, PR-QS- 
length of the equivalent simple pendulum]. 


From eqn. (1) itis obvious that T will be minimum when the 


2 2 
Ж oe is minimum. 


expression 


Now Ёй: _ (k-h)}+2kh_ (Еһ)? 
h h h 


When k=}. Thus the minimum time period, 
T,-2n y Яа y 2k Eo 
kg g 


By determining T and finding other required quantities from the 
Sraph, g can be found out. н 


+2k. Thisis minimum 


ee а а 
* So (m +h.) gives the length of the equivalent simple pendulum. 
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Procedure. (i) Make the knife-edge horizontal by the levelling 
screw S, testing the adjustment with a spirit-level. 


(ii) Suspend 'the bar on the knife-edge by introducing it in one 
hole nearest to one end (say, A). Oscillate the pendulum with a small 
amplitude. Its plane of vibration should be vertical. Note down 
the time* for 50 oscillations by means of an accurate stop-clock 
and repeat it three times. Dividing the mean by 50, find out the 
time period Т. Measure the distance d of the knife-edge from the 
end A by a scale. 


(iii) In this way determine the time period Tý and distance d 
when it is successively suspended from the holes. 


(iv) Plot a graph taking the time-period T along the y-axis and 
the distance d of the knife- 
edge from the end A along 
the x-axis, The graph will 
be as shown in fig. 1.8 and 
will consist of two symme- 
trical branches. Join A and 
Band bisect AB at D. Then 
the x-coordinate of D will 
give the position of c.g. of 
the bar. Draw a horizontal! 


R 5 line parallel to the x-axis 

\ wa cutting the curves in four 
в points, P, О, R and S. 
x Measure PC and CS (the 
mean of which gives A) 
(Fig. 1.8) QC and CR (the mean of 


which gives Л») and OE (which gives the correspondnig time- 
period T). 


< 


(Ә---<---22--<<------------ 


Time period, Тат 500.----> 


+ 
1 
П 


=. 


79 
с 


Distance of axis from one end,d,in cm.——» 


ды To facilitate the counting of oscillations correctly, изе а telescope. For 
this purpose make а mark (or attach a pin) onthe end of B of the rod and 


focus the telescope on it such th i 
с at there is по parallax between its i and 
the vertical cross-wire of the telescope. ж сЗа 


+ Меаг the centre оҒ һе bar the i i 
B period is lar; 
oscillations may be taken. ge and so smaller number of 
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Measure* also AB (which gives 2k) and OF (which gives Ту). 
Calculate the value of g and k from the equation given above. 


Observations 


| 
| Distance ‘of knife- Time taken 
Hole | edge from one end IND: OF 


No. | (say 4) of the bar, | oscilla- | — == = ЫШ 
in cm (4) I| yi] Ш | Mean (T) 


Calculations. From graph 


а) лува Mean hj =....ст 
розн и. +В =... cm. 
ОС=....ст] Mean hy=....cm 
СЕ--....етп 
Т--ОЕ--....вес, 2, ТЕ... $6С%. 
&=4т?. hh =....cm/sec/sec. 
Also, 2k=AB=....cm, Ty- ОЕ= ....sec. 
g=4r? is Ex. vun ст/ѕес/ѕес. 
(2) ka B - es cm 
к= =...... cm. 


Value of k calculated from the dimension of the bar 
_ length of the bar _ X. 


= 0ш. 
v12 
(3) The position of the c.g. of the bar from the end А 
: =Ер=...... ст. 
Result—(1) The value of g—...... cm./sec./sec. 


* Usually it is difficult to locate the exact positions of minima points on the 


graph, So do not use such measurements to determine g and k. 
Тор, Pid 
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(2) The radius of gyration about an axis through c.g. and parallel 
о the axis of rotation (perpendicular to its length), 


ees. Sine cm. 
(3) The position of c.g. from the end A ofthe баг-...... cm. 


Precautions. (1) The knife-edge should be horizontal, or else the 
jar may slip off the knife-edge. (ii) Begin noting the time of oscillation 
fter 5 or 6 oscillations by which time irregular motion of the pendulum 
will have subsided. 


Discussion. This experiment gives a very satisfactory value of s. 
The value of g obtained from the minima points on the (d— T) graph 
will be more accurate than that obtained from any other point on the 
curve. The reason is that at these points the slight error in the measure- 
ment of d produces the least effect on the value of T. But, as the holes 
have a finite radius, the exact points of minimum time-period cannot 
be correctly ascertained. For greater accuracy, the time-period has 
to be corrected for (i) finite arc of swing, (ii) curvature of knife-edge, 
(iii) yielding of the support and (iv) air effects. 


Note. (i) From eqn. (1), тте 2 eue se. (6); 
So a graph of Т?Л against |? will be a straight line. The 


2 
slope (tan ПЕЙ of this curve will give 4T? and the intercept 
MN 1 g 
on the x-axis will give the 
ү value of К?. 


To know h, locate 
also the position of the 
c.g. of the bar by balan- 
cing it on a sharp knife- 
edge (or wedge). Measure 
the distance (fp) of с.5. 
from the same end A of 
the bar bya scale. Sub- 
tracting d from ho, find 

(Fig. 1.9) out the distance h of the 

point of suspension from 

c.g. of the bar. Now plot the above graph taking only the positive 
value of h (i.e. when the points of suspension аге on one side of c.g.) 


x 


<—k? — 
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From the graph, find the value ofg and k. This graphical method 
is more reliable and accurate than the former one. 


(ii) Having found k, the moment of inertia of the bar about the c.g. 
can be determined after having obtained its mass M by weighing; 
= =u 


(iii) By this expt. we study the variation of T with d (or h) for a 
bar pendulum (compound pendulum). 


EXPERIMENT 6. Determination of ‘g’ by Kater's reversible pendulum. 


Apparatus. Kater’s pendulum, stop watch, metre scale telescope, 
and an extra knife-edge (or a wedge). 

Description of the apparatus : KATER'S P NDULUM. It consists of 
a metal rod about one metre long, at the ends of which there are 
two parallel knife-edges К, and K, facing towards each other. There 
is a-heavy bob В at one end, this bob shifts the c.g. of the rod 
towards its side. There are two movable unequal weights M; and 
М» by shifting which the c.g. of the rod can be changed. The smaller 
weight M. has a micrometer arrangement for finer adjustment of 
its position. 


In modern form of the apparatus the knife-edges 
К, and К, are fixed and the distance between them 
is accurately known. The pendulum may be set 
to ocillate about any one of the two knife-edges by 
placing them on agate plane firmly fixed to a rigid 
support. 


Theory. If by adjustment, the periods of oscilla- 
tion about both the knife-edges of a Kater's pen- 
dulum are made equal, say T, then the distance L 
between these two knife-edges would Бе the length 
of an equivalent simple pendulum and hence 
acceleration due to gravity g is given by 

g -4n?L|T? ben QE 

But in practice, the exact equality of periods 
is not necessary. If the periods 7, and T, about the (Fig. 1.10) 
two knife-edges are very nearly equal, then by 
measuring the distances /, and lą of the two knife-edges from the 
c.g. of the pendulum, the value of g can be computed, using Bessel's 
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formula, as 


gn? TS Ty Та-та T. 
o Ehe dd uw 


Procedure. (i) Suspend the pendulum about the knife-edge Ki, 
so that the bob B is in the downward position. Focus sharply the 
lower tail t of the stationary pendulum in a telescope fitted at a 
distance, so that there is no parallax between the images of the 
tail and the vertical cross-wire which has already been focussed. 
If the pendulum is not provided with the tail, then draw a sharp 
white line along the length of the pendulum and focus this line in 
the telescope. 


(ii) Oscillate the pendulum freely with small amplitude (3? to 4°) 
and note down the time for 5 oscillations by an accurate stop- 
watch (which can read up to one-tenth of a second). Suspend the 
pendulum about К. and note down again the time for 5 oscillations. 
Usually these two times will differ much. . 


(iii) Shift the position of the heavier adjustable mass Mi in one 
direction and note down again the times for 5 oscillations about Kı 
and К.. If the difference between these two times decreases, then 
shift М, in the same direction in subsequent adjustments, other- 
wise shift M, in the opposite direction. 


(iv) Continue the adjustment of M, in the same direction as 
before and for each position of M, find out times for gradually 


large number of oscillations (say 10, 15, 20, etc.) about K, and Ка 
until these two times are nearly equal. 


(v) Make finer adjustments with М until the ti 

(у) ! ^ times for 50 
poer. about К, and К» are very nearly equal (they should not 
MA y more than 2 seconds). Now note down the tine for 50 (or 
р ) MEA a thrice for each knife-edge and divide their mean 
Е ог each knife-edge by 50 (ог 100) giving the time periods Т; 
and Т, about the knife-edge K, and К, respectively. 


P e ex ueri from its support and balance it on 
nife-edge placed on the table. Mark th iti i 

knife-edge with a pencil, this mark gi ; е ue nupt 

р rk gives the position of the c.g. 

of the pendulum. Measure the distances /, and l, of К, and K 

respectively from this pencil mark by a metre scale Thus Е 

Tı, Т, lı and lz, calculate the vaule of g from the relation (2) ; 
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Observations 
(A) Times of oscillations at the preliminary observations. 


_ о ])[|";"ЕЕыулъььннз=ы=—ыъьъьъ”_>чнььььнЪнУ" 


Adjustments by £ Times for oscillation about the 
shifting 2 knife-edges 

a = 

2 = с иен) 
5 2 

© о К, К. 

5 5 

^ E 

FA ГА [A 

1 5 

2 м, 5 

3 (heavier mass) 10 

4 10 

5 15 

6 15 

7 м. 20 | 9X cnin te. ое Жа min......Sec. 
8 (smaller mass) Эй © TUN vos ue M LS min...... sec. 
etc. etc. etc. etc. 


———————————— 
(B) Final times of oscillations when t, and t, are very nearly 


equal. 
——————————7P 
No. | Oscillations Times for 50 Mean Time 
about the oscillations time period 
knife-edge 


© 
>, 
| 
кулы. 


(C) Distance between the c.g. of the pendulum and knife-edges. 


Distance between the c.g. of the pendulum 


d knife- 
No. and the knife-edge | 


е mi htl 
$9» K, Mean |, 
(h) in cm 


in cm | шем 
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Calculations. 
82 T+ TY, Те Та _ 
© hth | Gels 

or g-....om[s*— ....ms-*. 


Precautions. (i) The two knife-edges should be made horizontal 
and parallel to each other. (ii) The amplitude of oscillation should 
be made small so that the formula used may hold good. (iii) A 
very accurate stop-watch should be used. (iv) In the preliminary 
observations the difference in the times of oscillation about the two 
knife-edges is very large and hence times for smaller number of osci- 
lations should be noted to save time. 


Discussions. (i) In the older form of the apparatus, in which 
one of the knife-edges is movable, the exact distance L between 
the two knife-edges at which the two time periods would be equal 
can be found out graphically as described below. But the disad- 
vantages are (a) that the two knife-edges would not remain always 
parallel, and (b) the distance between the knife-edges is to be 
measured for every adjustment. 


Suppose K, is adjustable and it is 

Y so adjusted that time period T: 
about K, is slightly greater than 
the period Т, about Къ. Measure 
the distance L, between К, and К». 
Now move K;towards K, until the 
period Т) about K, is slightly 
ИН tA smaller than the period T,’ about 
KNIFE EDGE SEPARATION Ky. Measure again the distance Ls 
(Fig. 1.11) between К, and Ку. Оп a graph 

з paper plot the distance between the 
d IM along x-axis and the periods about К, and K, along 
dd s Е Ко the points (Li, Tı) апа (L, Ту) giving the 
the straight i охоо Jom the pouts (Lr 7%) and (La T") giving 
ght line 7,7,'. Find the coordinates of the point of 


int s 4 
и м of these two straight lines, viz. (L, T), which on 
substitution in relation (1) gives the value of g | 


PERIOD 


о 


(ii) For greater accuracy, the ti i i 
M d y, the time period should be determined 


= 
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ELASTICITY 
Determination of Young’s modulus of elasticity by 
the Vernier apparatus. 
Apparatus. Vernier apparatus, slotted weights, screw gauge, 
measuring tape, rough balance and weight-box. 
APPARATUS. Ít consists of two 
nded side by side from the 


EXPERIMENT 7. 


Description of the apparatus : VERNIER 
long wires of the same material suspe 
same support. Oneofthe wires has the main 
scale of a vernier arrangement attached to it 
and the other the movable vernier scale. The 
vernier carries at its lower end a hook or pan 
on which stretching loads are placed. The wire 
CD is also kept stretched by a constant load. 
This arrangement obviates any error due to 
temperature changes during experiment or yield- 
ing of the support, from affecting the observed 
elongation of the experimental wire AB. 

Theory. If a wire of length L cm and radius 
r cm is stretched by applying a load of M gm 
at its free end and undergoes an elongation of 
1 cm then, 


_ Longitudinal stress 
Longitudinal strain 


Young's modulus, Y- 


_ Мв]? екісі? 
а 


where g is the acceleration due to gravity in cm/ 
sec/sec. 
( (Fig. 1.12) 

Procedure. (i) Weigh cach slotted weight in а 
rough balance. 

(ii) Place slotted weight of 1 or2 kgm (or moreif necessary) on 
the hangers attached to each of the wires (if such weights are not 
there) to keep them taut and free from kinks*. Record this load on 


$ *Best method of removing kinks is to place the maximum permissible load 
(including the dead load) on the hanger of the wire and waiting for а few 
minutes. Remove the greater part of the weight leaving enough to keep the 
wire taut. To test this read the position of the zero of the vernier. Puta 
wt. of about } kgm and then unload it. Again read the zero ofthe vernier. 
Tf the wire is taut the two readings will agree. 
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the experimental wire АВ as ‘dead load" which need not be used in 
calculations. Remove the elastic fatigue of the experimental wire by 
loading and unloading the wire alternately. 


(iii) Measure the length of the wire АВ between the point of 
suspension (4) and the point of the wire at which the vernier is fixed 
(B) by means of atape. Repeat it three times and find the mean L 
іп cm. 


(iv) Carefully measure the diameter of the wire АВ by a screw 
gauge at several points (at least 10) along its length and at each 
point take both direct and cross readings. Find the mean and 
calculate the cross-section of this wire, in square cm. 


(v) Note down the breaking stress for the material of the wire from 
à book of constants and multiply it by cross-section. The value so 
obtained is the load which will snap the wire and is called the breaking 
load. Half of this is the maximum permissible load (also called the 
limiting load) which can be applied to the wire. 


(vi) Subtract dead load from the limiting load and divide this into 
a number of equal instalments (nearly 10) so that each instalment is 
either 1 kgm or 3 kgm (approx.). 


(vii) Find out the value of one scale division and the least count 
of the vernier. Note the position of the zero of the vernier over the 
scale. This gives the initial reading. 


(viii) Now load the wire AB gently with the first instalment of 
weight. Read the position of the zero of the vernier over the scale 
after waiting for about a minute to allow the elongation to assume а 
steady value. Increase the load of the wire by equal instalment of 
weight, taking the reading of the zero of the vernier after each addition 
to the load till the maximum permissible load (including the dead 
load) is reached. Write the readings in the column /oad increasing. 
While increasing load, at no time should the load be decreased. 


(ix) Now decrease the load stepwise as before and read the zero 
of the vernier each time. Write the readings in the column load 
decreasing. The weight should be removed till the wire is stretched 


by the dead load only. While decreasing load, at no time should the 
load be increased. 
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(x) For each load, find the mean of the two readings, one for the 
load increasing and another for the load decreasing. Next find out 
the elongations for various loads by subtracting the initial reading 
from the corresponding mean reading. 

(xi) Plot a graph taking load in kgm along the x-axis and elonga- 
tion in cm along the y-axis. The origins for both should be zero. 
The resulting graph will be a straight line passing through the origin 
(Fig. 1.13.). Take a suitable point (say, P) on the graph and find out 

(һе coordinates of this point (which should not be within the data). 
From the values thus obtained, calculate Y. 


i Y by vernier apparatus. H 
iis At Joad 6:5 kgm. elongation -M Cm, s 


liv. 


іп ст, (isinall di 


% 


On 


Elongati 


НИН t 
[^] 1 2 3 4 5 6 7 8 9 10 и 12 13 
Load, т kgm, —- (1small divn,= o-1kgm.) 
(Fig. 1.13) 
Observations and Calculations 
. Enter thus—Material of the wire—steel. 


(А) Dead load — .. ...- РОНЕ ИГЕ kgm. 
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(B) Length of the wire : 


Mean L—83:9 x 2:54 cm. 


(C) Reading for the cross-section of the wire. 


Pitch of the screw gauge=.......... cm. а 
No. of circular scale divisions=...... 
Least count of the screw gauge=........ cm. 
Zero error uso. es cap div. [If the error is zero, state ‘nil’.] 
"c »—--———————— À———— MÀ M 
Com- 
No. of Corr. 
Sess plete Correc- Mean Mean 
JM ы State rot.X E ted cap. ead x [3 diam.| radius, r 
e PB Pitch reading ій C (cm) (cm) 
: (cm) И ғалы rms 
1 
о 
2 4: 5 
С. = 


-. Area of cross-section = пг = 0'0063 sq. cm. 
(D) Breaking load. 


Breaking stress = 8000 kgm wt./cm?. 
.. Breaking load = cross-section x breaking stress 
=0'0063 x 8000 kgm wt. 


“. Limiting load 21x breaking load=25 kgm wt. (approx). 


(E) Reading for elongation versus load. 


1 main scale division .......... cm. 
qa res vernier divisions coincide with......M.S. divns. 
j Vernier divn.— ........ ст 


-. Least count= 1 M.S.— 1 v.=0°01 cm. 


er = 
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Load Reading for the elongaticn 
No: ЕЕ Load increasing | Load decreasing j лі ей Piong 
obs, | of the j ; Mean ien for 
"dead | M.S.| yor, (То | M-S. | уе ‘Total | inem 5kgm 
load) in ст * [in cm [in em or: in cm | 
| 
1 ом 1291 |m-|21 |21 | 9 | i209) 0 
2 1 22 | 0 2:20 | 22 | 0 | 2:20} 2'20 | 001 
3 2 22 |3 | 223) 22 |2 2:22 | 2:225) 0:035 | 
4 3 22 | 4 2:24 | 22 | 4 2:24 | 224 | 095 
5 4 22 | 6 2:26 | 2:2 | 6 2:26 | 226| 007 | 
6 5 22 | 8 |228| 22 | 8 2:28 | 228! 009 | 0:09 
71 6 22 | 9 5.29 | 22 | 9 | 2:29] 229] 010 | 009 
gi 7 231 1 2:31] Boia] 1 2:31 | 231| 012 | 0085 
ФЕ, 8 23 | 3 2-33| 23 | 2 | 232, 2325| 0135 0:085 
10 9 23 | 4 | 2-34) 23] 5 i 2:35 | 2:345) 0:155 0:085 
11 10 2316 |236| 23 | 6 | 2:36 | 236). 017 0-08 
12 11 23 | 7 | 2:37) 23 | 8 |238 |2 0:185 | 0085 
13 12 23 | 9 239 | 23 | 9 2:39 | 2 0:20 | 008 
14 13 24 | 1 24112411 241 | 2: 0:22 | 0:085 
0:09 1-0-09 -1-0:0854- 0085. 0:085 + 0°08 
5 1-0:085--0:08--0:085 
Mean elongation /= Е00 E 
--0:085 ст; 
forload М-5 Кат =5000 gm. 
(с: Y= Мет 5000 x 980 . 0085 


JL 31416 (©0449)! ° 839x254 
= 19:39 x 10" dynes/cm? = 19:39 x 1010 N т. 


From graph (see Fig. 1.13), 


elongation —0:11 cm, 
for load —6:5 kgm —6500 gm. 


у__ 6500x 980x 83:9x 254... ,9.48 x 10% dynes/cm*. 

3°1416 x (00449? x 011 

= 19:48 x 101? N m^? 
Result. Y = 19:39 x 10! N m? (from calculation) 
—19:48x 101 М m7? (from graph). 

Standard уаше= 19:5 —20:6x 101° М In 

Precautions. (i) Every time wait for about а minute after a load 
is added or removed before taking the reading. (ii) While taking 
readings take саге that the suspended system is at rest in equili- 
brium. Do not twist the system. (iii) The constant load on the 
auxiliary wire CD and the dead load on AB should be sufficient 
to keep the wires taut and free from kinks. @ While calculating 
elongation for various loads the difference between consecutive 
reading should never be taken but difference between the 6th and 
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the 1%, та and 2nd and so оп be taken. This will enable all the 
readings to be utilized. (v) While using the screw gauge care should 
be taken to avoid back-lash error. 


EXPERIMENT 8. Determination of Young’s modulus of elasticity by 
Searle’s apparatus. 
Apparatus. Searle’s apparatus, slotted weights, screw gauge 
measuring tape, rough balance and weight-box. 


Description of the apparatus : SEARLE’S APPARATUS. It consists of 
two long wires of the same material suspended side by side from the 
same support. The lower ends of the 
wires carry the rectangular frames 
ВВ’ and DD’ hinged together by 
two cross-pieces so that the wires can 
move freely relative to each other 
in a vertical direction. Inside the 
frame, there is a sensitive spirit level 
L fixed to a plane base, one end of 
which is pivoted to a horizontal 
bracket fixed to the frame DD’ and 
the other end rests on the pointed 
end of the micrometer screw M 
working in the same vertical line as 
the experimental wire AB, The 
micrometer screw is provided with 
a graduated head whose movements 
can be read over a linear scale S. 
To the lower ends of the frame-work 
are attached two hooks on which 
weights can be placed. Here the 
elongation of the experimental wite 
AB is measured by the micrometer 
(Fig. 1.14) screw. 


Theory. Same as in Expt. 7. 
Procedure. (i) Repeat the operations (i), (ii), (ану, (iv), (v) and 
(vi) of the previous experiment. 


eS 


* Here the length of the ezperimental wire to be measured is between the 
points of suspension and the point where it is fixed to the frame. 


езекбь 


ELASTICITY 45 


(ii) Find out the value of one linear scale division, the pitch and 
the least count of the micrometer attached to the frame. Adjust the 
micrometer screw until the air-bubble is at the centre of the spirit 
level. Note the readings on the linear scale and the circular scale. 
This gives the intial reading. 


(iii) Now load the wire АВ gently with the first instalment of 
weight. After waiting for about a minute to allow the elongation to 
assume a steady value, adjust the micrometer screw till the bubble is 
brought back to the centre, Note the readings of the micrometer. 
Increase the load of the wire by equal instalment of weight taking 
the readings of the micrometer after each addition to the load till 
the maximum permissible load (including the dead load) is reached. 
While increasing load, at no time should the load be decreased. 


(iv) Now decrease the load stepwise as before and note the 
reading of the micrometer each time. The weight should be removed 
till the wire is stretched by the dead load only. While decreasing 
load, at no time should the load be increased. 


(v) Repeat the operations (X) and (xi) of the previous experiment. 


Observations and Calculations 


Enter thus— 
Material of the wire—copper. 
(A) Dead load .....-- ...kgm. 


(B) Length of the wire 
(1)... Соль (ii)... ++ cm, (ii)......cm. 
Mean, L-996x254 cm. 


(C) Reading for the cross-section of the wire 


Pitch of the screw gauge — «008 
No. of circular scale divisions =a ciii 
cm. 


cm. 


Least сошп{=...-++°°°' 
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Zero-error— + ....Сар. divn. 
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Now tabulate the data as in Expt. 7. 


-. Mean radius r=0°046 cm. 
2. Area of cross-section =zr?=0'00664 sq. cm. 


(D) Breaking load. 


Breaking 5іге55-- 3000 kgm wt./cm?. 
-. Breaking load —0:00664 x 3000 kem wt. 
2. Limiting load = 9:92 kem wt. (approx). 


(E) Reading for elongation versus load. 


1 Linear scale division =0*1 ст. 


Pitch of the micrometer screw = 0:05 ст. 


No. of circular scale divisions 50. 


Least count of the micrometer=0°001 cm. 


————————————————À 
Load Readings for the elongation и 
in gm, Elon- 
Fabr Elon: | gain 
b of the | increasing decreasi ati m 
obs. | dead Load increasing | Load easing М 8 pan for 
Joad) 2 Г ст cm 2500 
LS. Fotal | LS. cs Total gm 
[in cm CS. | in zd іп ст ~> [in cm 
1 0| 0 505-25] -075 0 |50431 7031 | -078 | ‘0 
2 500 | 0 505-49] -099 | -1 1 “101 С "022 
3 1000 | ‘1 ПЕ {1 14 |7114 | *113 | 7035 
4 1500 | *1 25 |-125 1 25 “125 | <1257| “047 
>) 2000 | -1 37 137 s 39 *139 | *138 "060 
6 2500 | *1 50-3 | “153 “1 |50--5 | “155 | -154 076 076 
7 3000 1 |50--17| -167 “1 1|50--19| “169 “16% 090 *05$ 
8 3500 | *1 :504-31| -181 1 |50--33| -183 , 7182 104 "069 
9 4000 | 71 [504-4 | 196 “1 |504-48/ -198 | “197 119 072 
10 4500 | 2 12 {| >22 A 14 |-214 | “213 3135 "075 
П 5000 |_-2 | 28 | 228 | 2 | 2 :228 “228: | :150 074 
Е, 


У= 


[If the error is zero, state ‘nil’.] 


6 


=0°0723 cm; 
for load M=2500 gm. 


Mg/ar? _ 


2500 x 980 x 99:6 x 2-54 


"Ub. — 


0:00664 x 0:0723 


= 12:9 x 100 dynes/cm? = 12-9 x 1010 Nm. 
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•15 
Е E E 
Е УБИ searle's apparatus ЕЕ EE 
ЕЕЕ at load 24009., elongation =-102 07. ЕНЕН 
Я E RIED 


= 00107) 


vn, 


А 


Elongation, in ст. —%- (1 small а 
© 
бу 


УЗ: Т j i ubt 


Ша ES p 2. d 
: Hi iind ИНН 

ТЕ titt F tH j; 

EHHH iH 

к ВЕ 

БІНЕН H H HH 

0 : i ; 

0 1000 2060 5000 2200 5000 


Load, іп gm,—> (1 smail divn,- 509т) 
(Fig, 1.15) 
From graph (see Fig. 1.15), у 
Elongation = 0'102 cm; for load = 3400 gm. 
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ы _ 3400x980 х 99-6х 2-54 ... 11 2 

На 0- 00664x 0-102 —12:4x 101 dynes/cm 

=12°4x 1019 Nm7?. 
Result. Y —12:9 х 1010 Nm-? (from calculation) 
--12:4х 1019 Nm? (from graph). 

Standard value = 12-4 - 12:9: 101? Nm-?. 

Precaution. In addition to the precautions given in Expt. 7, 
avoid back-lash error by rotating the micrometer screw always in the 
same direction. 

Discussion. As the spirit level is very sensitive, it enables one to 
adjust the micrometer screw at least up to half of a circular division. 
Hence this method is decidedly superior to the Vernier method. In 
both the methods, the two main sources of error due to yielding of 
the support and change of temperature have been completely elimi- 
nated by the use of the auxiliary wire. 


ASSOCIATED EXPERIMENTS 

1, Draw the load-elongation graph and hence calculate the work 
done when the wire is stretched by a load of 2°5 kgm. 

Hint. Perform Expt. 8 or 7 and draw load-elongation graph. 
From the graph, obtain the value of the elongation, /, in cm for the 
Joad 2:5 kgm. 

Now the work done=} xload x elongation 

= 52'S x 1000x 980 x1 ' ergs. 

2. Find out the weight of the given brick using Young's modulus 
apparatus. 

Hint. Perform Expt. 8 or 7 and draw load-elongation graph. 
After removing all weights from the experimental wire except the 
dead load, suspend the given brick and take the readings of the 
mictometer screw or read the position of the zero of the vernier over 
the scale. The difference with the initial reading gives the elonga- 
tion. From graph, obtain the value of the load in kg for this 
elongation which will give the weight of the given brick. 

3. Find the Young's modulus of rubber, 

Hint. Take a rubber chord about 50 cm lon 
meter. Fixits one end tight 
Буа clamp fixed to a stand. 
of the chord. Record the loa 
chord to double its own len 
is $ of this load. 


gand 5 mmin dia- 
У between two cork pieces held closely 
Hang a light pan from the lower end 
d placed on the pan which stretches the 
gth. The maximum permissible load 
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Insert two pins in the chord about one inch away from each end. 
Put some weight on the pan to keep the chord stretched. Record 
_this load as “dead load” which need not be used in calculation. Now 
“measure the distance between the two pins by means of a catheto- 
meter telescope (or microscope). This is the length L. 


Load the pan gently with the first instalment of weight. The 
positions of the two pins will be shifted. Measure the distance 
between the pins. The difference with the former distance gives the 
elongation for this load. Increase the load of the chord by equal 
instalment of weight, measuring the distance between the pins after 
each addition of load, till the maximum permissible load is reached. 
The number of equal instalments should be nearly ten. Find out the 
elongation for various loads. 


Now decrease the load stepwise as before and measure the 
distance between the pins each time. Again find out the elongation 
for various loads. Find the diameter of the chord at several points 
along its length by means of a travelling microscope. Both direct 
and cross readings should be taken. Calculate the arca of cross- 
section. 


Plot a graph taking increasing load along the x-axis and corres- 
ponding elongation along the y-axis. The resulting graph will 
bea straight line (slightly curved)* passing through the origin. 
On the same graph paper again plot a graph taking decreasing load 
along the x-axis and correspon- 
ding elongation along the y-axis. 
The graph will not return along 
the same path but every elonga- 
tion will be greater than what it 
had been for the particular load 
for increasing load. Also this 
graph will have а positive 
interception on the y-axis, which 
shows that when weights are 
taken off, the original length has neqae um 
slightly increased. (Fig. 1.16) 1 

From the graph, obtain elon- 
gation for a particular load and calculate У. 


Extenston,tn cm.——» 
Lx 


o 


TER” -—- 
*This shows that the Hooke's law is obeyed only approximately. 


T. P. Р.-4 
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EXPERIMENT 9. Determination of the modulus of rigidity of a wire 
by statical method using Barton’s apparatus. 


Apparatus. Barton’s apparatus, slide callipers (big), screw gauge, 
two weight boxes, metre scale and spirit level. 


Description of the apparatus : BARTON’S APPARATUS. It consists of 
a rigid metal frame on levelling screws (Гл, L» Га). The experimental 


(Fig. 1.17) 


wire is fixed to a rigid support О at 
the top of the frame and carries a 
heavy metal cylinder K (called the 
fly-wheel). This keeps the wire taut 
and straight. Two strings qq attached 
to a peg C on the cylinder are 
wound on K in the same direction 
and then made to pass over two 
small frictionless pulleys Р-Р 
fixed on the frame at diametrically 
opposite points with respect to К. 
Two pans or hangers are attached 
to the free ends of the strings. A 
couple is applied to the cylinder by 
placing equal weights in the pans as 
a result of which the wire is twisted. 
The angle of twist is read by a 
pointer attached to the wire near 
its lower end moving over a hori- 
zontal circular scale S graduated in 


degrees. The wire should pass through the centre of this scale. 
Theory. The modulus of rigidity of the material of the wire is 


` given by 


n= 360-Mg.D.1 


rig ” 


where n=the modulus of rigidity in dynes рег sq. ст, 
M = mass of the load placed in each of the pans, in gm, 
. g - acceleration due to gravity in cm/sec?, 
М D — diameter of heavy cylinder, in cm, 
1 «length of the wire between the fixed end О and the pointer P; 


in cm, 
.r- radius of the wire, in cm 


and, o —angle of twist read by the pointer, in degrees. 
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Procedure. (i) Level the apparatus by placing а spirit level оп 
the circular scale such that it is parallel to the line joining two of 
the levelling screws and adjust any one of the two screws until the 
bubble is at the centre of the spirit level. Next place the spirit level 
at right angles to the former position and bring back the bubble at 
the centre by adjusting the third screw only. This ensures that the 
experimental wire passes through the centre of the circular scale. 


(ii) Measure the length of the wire between the fixed end and the 
pointer. Repeat it three times and find the mean / in cm. 


(iii) Carefully measure the diameter of the wire by a screw gauge 
at several points (at least 10) along its length and at each point take 
both direct and cross-readings. Find the mean and hence find the 
radius (r)in cm. As the expression for n involves the fourth power 
of r, an error of 1% in the radius measurement will cause an error 
of 4% in the final result. Hence it should be measured very carefully. 


(iv) Measure the diameter of the ‘cylinder by slide callipers. 
Repeat it three times and find the mean diameter D in cm. 

(v) Adjust the pointer so that it reads zero. The pointer should 
Just touch the circular scale. If the pointer is not adjustable, note the 
pointer reading. s 


(vi) Gently piace equal loads like 0:5, 1, 1:5, 2, 2-5, 3 kgm etc. in 
each of the two pans and note the córresponding pointer readings* 
after waiting for about a minute every time. | 

(vii) Now decrease the loads in equal steps as before till the 
original condition of no load in the pans is reached and note the 
readings of the pointer after each decrease of load. Before taking 
readings wait for about a minute each time. 

(viii) From these two sets of observations find the mean twist for 
each load 

(ix) Plot a graph taking load in gm along the x-axis and twist in 
degrees along the y-axis (fig. 1.18). The resulting graph will be 
a straight line passing through the origin. The origins for both should 
be zero. From a point Р on the graph, as far away from the origin 
as is convenient, find the twist and the corresponding load. Substitute 
this value of М/ф in the formula for п and hence calculate п. 


*Jf possible read both the ends of the pointer to avoid the error due to 
eccentricity. 
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Observations and Calculations 
Enter thus— 


Material of the wire—copper. 
(A) Length of the wire : 


(i) 
Mean, [=83:5 cm. 
(B) Readings for the diameter of the wire. 


Pitch of the screw gauge=........ cm, 

No. of circular scale divisions=........ 

Least count of the screw gauge=........ ст. 

Zero-error= t...... cap. divn. (If the error is zero, state ‘nil’.) 


Now tabulate the data as in Expt. 7. 
. Mean radius of the wire, r=0:2406 cm. 


'(C) Readings for the diameter of the cylinder. 
1 main scale division = 0:1 cm. 
10 vernier divns. coincide with 9 М. S. divns. 


. 1 vernier division =? х0:1= 0:09 cm. 


. Least count of the slide callipers = 0:1 —0:09 =0°01 cm. 
Zero: -еттот= +...... ст. 


j Mean Corrected 
Obs! M.S. (cm) Ver. Total (cm) diam. (cm) diam. (cm) 
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2. Diameter of the cylinder, D = 5:35 cm. 
Acceleration due to gravity, = —980 cm/sec/sec. 


(D) Readings for load versus twist. 


Т : 
| Pointen readings, 
Load on in degrees 4.6; 
nS } each pan nr. Twist, © Pin 
‚т i 1 ГҮ 
ur kgm Load Load in deg 2:0 kgm 
increa- decrea- Mean а 
sing sing 
1 0 4:5 4:5 4-5 0 
2 19, 108 120 11:4 69 
3 10 152 180 166 121 Ў 
4 125 22 26 24 19:5 
5 20 272 31:0 29-1 24-6 24:6 
6 2:5 34 362 351 306 23:7 
7 30 | 40 43 41-5 370 249 
SETSU 29:5 | 2246 46 46 41:5 22:0 


-. Mean twist, ф= 23:8 deg. for load, M—2'0 kgm=2000 gm. 


_360 Mg.D.I 


~ n= сөз 
Trt 


2 _360 x 2000 980 x 5:35 х 83-5 
ЕО GYneS/ за (сіп 
314162 x (0°2406)* x 23:8 ynes/ 

=40х 1010 Nm=. 


From graph (Fig. 1.18), 
Twist = 34 deg., for load 22:75 kgm=2750 gm. 


360 x 2750 980 5°35 Х 83:5 _ 3. 11 
= > 3:85x10? dynes/sq. cm 
(3 1416)? x (02406)! x 34 ypes/sg 
=3°85x 1019 Nm™. 
Result. п=4'0 x 101? Nm-? (from calculation) 
—3:85x 101? Мт-? (from graph). 
Standard value = 3:9 —4:0x 1019 Nm7?, 


Precaution. (i) While taking readings of the pointer, the system 
should be in equilibrium. (ii) Care should be taken to maintain the 
strings, leaving the cylinder horizontal otherwise the arm of the 
couple applied will not be equal to the diameter of the cylinder. 
(iii) The loads should never exceed the maximum permissible load. 
(iv) While using the screw gauge care should be taken to avoid back- 
lash error. 


54 A TEXT BOOK OF PRACTICAL PHYSICS 


{=85-5 СП). 
At load 2-75 kgm, twist =34° 


0-4") 


iyn, 


degrees ——— (Ismail d, 


£ în 


Twis. 


- 5:0 
Load, in kgm, —> (1small diyn,= 0-05 kgm.) 


(Fig 1.18) 


Discussion. As the angle of twist is measured by the pointer over 
the circular scale, which is not a sensitive method, the áccuracy 
is limited. Also if the strings used are not very thin the diameter of 
the pulley will be affected. If the pulleys are not frictionless, error 
will be introduced in the value of the force applied by means of the 
load and hence the result will be adversely affected. 
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Note. In some apparatus there are three (or two) pointers moving 
over the graduated circles. Неге A, „апа |, are the distances of 
the pointers from the fixed end. For each couple applied the twists 
for the three lengths can be read simultaneously. Plot (М-Ф) 
graphs for each length of the wire. From these graphs find ош the 
best value of o, M corresponding to each /. Calculate n for each 
length and find out the mean value of n. Also plot a graph taking / 


along the x-axis and Ж along the y-axis. The graph will be а straight 


line which shows that the angle of twist is proportional to the length 
of the rod twisted. The modulus of rigidity can also be calculated by 
making use of this graph. By taking two suitable points lying on this 
graph, the difference between their abscissae will give (/,—/2) while 
the difference between their ordinates will give (Фі- Ф)/М. Thus 
_ 360 Mg D (l-l) ; 
7 фі Фа) ^ 
ASSOCIATED EXPERIMENT 
1. Show that the angle of twist for a given length of the wire is 
proportional to the couple applied to it. 
Hint. Draw (М 9) graph. 
EXPERIMENT 10. Determination of the modulus of rigidity by the 
dynamical method. 
Apparatus. The given wire, a spherical ball, stand and clamp, 
stop-watch, screw- gauge, slide-callipers, balance, weight-box, telescope 


and metre scale. 
Theory. The modulus of rigidity of the material of the wire is 


we have, 


given by п= ате? 
where n=the modulus of rigidity, in dynes/sq. cm; 
r —the radius of the wire, іп cm; 
[= the length of wire, in cm; 
T=the time period, in sec; and 
I-the moment of inertia of the body about the axis of 
suspension. 
Ifthe body* used is a solid sphere of mass M and radius R, 
then 7-2 2M R^. | 


г а ee Е 
ж Jf itis а cylinder then =} МЕ:. If it is a disc then 1=$ MR?. If itis’ 
а cube then =} Ма? where а is the side of the cube. 
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Procedure. (i) Take a wire about 50cm long and 0'1 cm in 
diameter. Suspend the sphere from a rigid support by the given 
wire so that the axis of the wire passes through the centre of the 
sphere*. Enclose the suspended part in 
acase with a glass door to protect it 
from air draught. 

(ii) Make a vertical line on the sphere 
'and focus a telescope till there is no 
parallax between its image and the verti- 
cal cross-wire. Twist the sphere about the 
axis of the wire through an angle of 60° 
and release it. It will. execute angular 
oscillations. Damp out the pendular 
oscillations if there be any. Start the 
stop-watch when the vertical line crosses 
the cross-wire and measure the time for 
(Fig. 1.19) 50 oscillations. Repeat it three times and 

find the mean. Then find out the time 


period T in sec. 

(iii) Measure the length (/ cm) of the wire between the point of 
suspension and the point at which the wire is attached to the sphere. 

(iv) Carefully measure the diameter of the wire by a screw gauge 
at several places (at least ten) and take both direct and cross readings 
at each place. 

` (у) Now take out the sphere and weigh it correct up to 0:1 gm. 

Also measure the diameter of the sphere by slide callipers and 
calculate the moment of inertia of the sphere about the axis of sus- 
pension. 

(vi) Find out the time-periods for different lengths of the wire. 

(vii) Draw a graph taking / in cm along x-axis and T? in sq. 5С 
along y-axis, which will be a straight line passing through the origin. 


Find the slope of this graph which will give 811, From this 


we 
calculate n. 


Ё 4 
Plot another graph with (7) along the x-axis and 7? along the 


y axis. This should be a rectangular hyperbola. 


ж Ifit is a cylinder then the wire should pass through the axis of the cylinder. 


оа 


1 M.S. divn. of the slide саПірегӛ-.......... cm. 
....vernier divns. coincide with.......- M.S. divas. 
1 ver. @у.=........ cm. 
2. Least count of the slide callipers=1 M.S. —1 ver. 
NUES cm. 
Zero-error= %.......... ст. 
Now tabulate the data as in Expt. 9. 
2. Radius of the sphere, К=.......... ст. 
(С) Mass of the given sphere, М0 38968: gm. 
-. Moment of inertia, T=$M@R*=-------- gm-cm?. г 
(D) Readings for length versus time period. 
В | etd res бш ушу Kc 
obs. | 1, in cm —1 [п | nr | Mean iden seci em?) em? EE 
1 
2 
3 
4 
Я —— 
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Observations and Calculations 


Enter thus— 

Material of the міге.......... ЕР 

(A) Readings for the diameter of the wire. 
Pitch of the screw замае=......... „ст. 


No. of circular scale divisions=......-- 


Least соџпі=.......... сш. ` 
Zero-error= t........ ..cap. div, (If the error is zero, state ‘nil.) 


Now tabulate the data as in Expt. 7. 
-. Mean radius of the wire, Г--.......... cm. 


(B) Readings for the diameter of the sphere. 
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From (/— Т?) graph, slope=.......... 
кетү, omes dynes/sq. cm=...... 
Result. dynes/sq. cm 


» 3» 59 NI (from graph). 
Standard value unma: 37У 


Precautions. (i) The wire should be fairly thin and long and free 
from kinks. (ii) See that the sphere executes only torsional oscilla- 
tions. Any other motion should be stopped by a camel-hair brush. 
(iii) Since the restoring couple is proportional to the angle, the ratio 
of displacement to acceleration is constant for all angles, hence there 
is no restriction on the angular amplitude, particularly when the 
wire is thin and long. However, the twist should not be very large. 


Discussion. In deriving the above formula for m it 15 popr 
that the value of the couple per unit twist (angulur р 
remains constant but this is not so, for the radius of the wire ican 
when it is loaded. Again the moment of inertia has been ea ых tere 
from its dimensions on the assumption that the wee 2 y^: 
ial is uniform throughout its entire mass. This is seldom the a 
This imperfection entails an error in the value of n. (These sourc 
of error are eliminated by the use of Maxwell ’s needle.) 


The moments of inertia of different bodies can be compared by 
this method. If 7, and Т, are the time-periods when the bodies 
of moments of inertia /, and 1, are in turn attached to the wire, 


Th Т, 
then T= E and n=, where C=the couple per 


unit angular displacement. 


3 ALT? 
Hence LUTA 


ASSOCIATED EXPERIMENT 


1. Find the modulus of rigidity of glass. 


Hint. Draw a fairly long and thin glass fibre of uniform radius. 
Use this fibre in place of wire and a small wooden cube in place of 


sphere and perform the above experiment. Use lac for fixing the 
fibre to the centre of a face of the cube. 
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EXPERIMENT 11. Determination of the Young's modulus of a beam 
by bending. 


Apparatus. A metal beam, half-kilogram slotted weights, a metre 
scale, slide callipers (or screw gauge), travelling microscope (or 
cathetometer), spirit-level and a thermometer. 


Description of the apparatus. A metal beam (bar) АВ of about 
a metre long and of uniform rectaugular cross-sction, is placed 
horizontally on two knife-edges K, and Ка fixed on two vertical 
stands having levelling 
screws at their bases 
(not shown in the figure). қ 
At the middle of the bar, NTT 
there is.a frame R which I 


P 
| : 
carries а knife-edge К 
whose sharp edge is 
placed on the bar. At 
the top of the frame H 
there is а sharp pointer 


P while the bottom (Fig. 1.20) 

carries a hook from z 
which a hanger H is suspended. Various loads can be put on this 
hanger to depress the middle point of the bar. 1 


Theory. Ifa beam of breadth b and depth d is placed horizon- 
tally on two knife-edges at a distance L apart, then the depression 
1 of the middle point of the bar caused by а load of M gm is 


T _ MgL TON 
given by l= ру 


K2 


ACA DREL NB 
чья \ 


Hence Young's modulus of the material of the beam 


L (M 
y= ge (4) ж. (2): 


Procedure. (i) Make a transverse mark just at the middle of 
the bar by a pencil and also make three pairs of marks (С, Ci; D, 
Dı; and E, Е) at equal distances on the opposite sides of the central 
mark. Usually СС, =70 cm, DD,=80 cm and ЕЕ, =90 cm. 


(ii) Place the beam on the knife-edges K, and К, so that K, and 
K, are exactly on the two extreme end-marks E and EF, respectively. 
Put a spirit-level on the central mark and adjust the levelling 


screws at the base of the vertical stands of knife-edges K, and К», 
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till the bubble comes at the centre. The beam is thus made 
horizontal. 

(iii) Place the frame R containing the knife-edge K and the han- 
ger H, on the beam so that sharp edge of K just touches the central 
transverse mark, while,sharp edges of К, and К» just touch the 
marks Е and Е, respectively. 


(iv) Adjust the levelling screws at the base of the microscope 
(or of cathetometer) until the vertical scale is perfectly vertical and 
the axis of the microscope (or of the telescope of the cathetometer) 
is horizontal. Determine the least constant of the vertical scale 
of a travelling microscope (or of a cathetometer) and sharply focus 
its cross-wire. Then place the microscope (or cathetometer) at a 
suitable distance and focus clearly the sharp edge of the pointer P 
so that there is no parallax between the images of the horizontal 
cross-wire and the sharp edge of P. 


(v) When the load on the hanger is zero, note the reading (Ro) of 
the vertical scale and vernier after making the horizontal cross-wire 
tangential to the tip of P. 


(vi) Repeat the operation (v) by increasing the loads on the 
hanger by steps of } Кеш (or 1 kgm) until readings for six or seven 
such steps are obtained. Decrease the loads on the hanger in the 
same steps as before and note the readings of the scale and vernier 
until the load on the hanger is reduced to zero. Substract the mean of 
the two readings (one for load increasing and another for load 
decreasing) for zero load on the hanger from that of any other load. 
This gives the depression for that portical load. 


(vii) Now rotate the beam about its axis by 90? so that the 
former depth now becomes the breadth of the bar. Repeat the 
operations (v) and (vi) for the same loads as before and t 


the distance EE, by a metre hen measure 
i scale for three ti А 
mean value, € times and find out their 


D о едд К, and К, successively on the marks 
1 ‚ C, and re i É : : 
to (vii). з and repeat the entire operations ranging from (v) 


Nin 


— а 
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(ix) Measure the breadth and depth of the bar at several places 
by a slide callipers (or by a screw gauge) along the entire length 
of the bar and take their mean 
values after applying correction for 
zero-error, if any. 

(x) Draw graphs on a graph 
paper by plotting loads M in kgm 
or gm along x-axis while the 
depression / in cm along y-axis, 
taking (0, 0) as origin. The graph M 
will be a straight line passing LOAD (M) in kam. 
through the oiigin. On the same (Fig. 1.21) 
graph paper, draw three such 
straight lines for three different lengths between the knife-edges (K, 
and K;) for a particular breadth and depth of the bar. Similarly, 
draw three straight lines on a second graph paper for three different 
lengths between К, and К» when the former breadth is now made the 


depth. 


Li 


cm 


Y, 147127183 
(бгарһ-1) 


DEPRESSION (0) in 


Draw a vertical line on the first graph paper cutting the three 
lines (fig. 121), Find out the coordinates (М, Г) of the three points 
of intersections of this vertical line with the three (load-depression) 
curves. Then from each graph, find out 72/1 and put this mean 


МТ]! fori the three curves in the relation (2) giving Y. Іп а similar 
manner find out another value of Y from the curves of second graph 
paper. Then find out the mean of these two values of Y. 


Observations and Calculations 


(A) Load-depression record by microscope (or cathetometer when 
breadth is b and depth is d. 


1 smallest division of the main scale=.,..mm=....cm. 


У. div.=....M. S. div. 


Least count — 1 M. S. div. — 1 V. Піу. = ....cm. 


Room temperature ... $6: 
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Value of g taken = .. . .cm/sec?. 


-------------------------------------------- 3... ————— 


No. of obs. 
Distance between the knife- 
edges іп cm 
(г) 

Load оп hanger 


w 


in kgm 


OCI 9 


Readings in cm 


Reading in cm 


when load when load 
increasing decreasing 
8 в 
ба 5 
25| 8 
U g ы | "7 
: қ H at = 
Ms кі Вы 2 d Bx ЕТУІ 5 E 
&1 aX 85%) BX |5 т 8 
2 =з $^ 2 ва иам El 
3 58 ЕШ 8 2 2 ч!) 5 А 
Е Е 
АЯ ||) Е 
y ` 
ы --- ----- 
т (KG) ees.) 0 
224 57409) 6) )7 0) 
СӘ ЕШ etel = шс etc.| etc. | etc. 
ЖЕ (...)Х С...) ЕК Ca) С...) | ...(®) (в) — (а) 


| 


Бан ені 


(В) Load-depression record when breadth is d and depth is b. 

(Make a table similar to the above table.) 
(C) Measurement of breadth (b) and depth (d) of the bar. 
1 M. S. Шул. of the slide callipers—.. . . cm. 


«e. „vernier divns, coincide with....M. S. divns. 
1 Ve .divn.—....cm. 


Least count of the slide callipers=1 M. S. —] Ver. 


Zero-error= t ........ cm. 
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Readings in cm of Total Mean | Corrected 
No. | Measurement reading | reading) breadth 
of of in cm in or 
obs. Scale | Vernier R=S+V cm depth 
(5) | (И) S V.r.XL. С: in cm 
1 (...)Х (..)= 
2 (XG = 
ө breadth 
52 (lll obese ad ERIT иона =b 
6 get nnn 
1 CDSCC artery К 
2 | Ку Жо 
ө depth | 25 
geo (d) | Қа 229) 
6 | (104) X (ce) не 


(D) Calculation of Y from graphs. 


EUER UNA 1 
= 2a c | Е 5 
Es 28 | ag | 3212 
e o 
P REO 55 8 a БЕН | value of | Меап 5 3 
ег E E 
obs. 8 Е BE 823 Ma МІЗ Е 3 
pel ge CMM CAE 
$8 Bs | ӘУ. 5 e 
s $2.| Ва | 8 9 
> 5 от E 3 
ШЕШЕ DEINEN я 
=ч | |Б 
: d 
PA. | Y aba? 
2 | When breadth x MD 
is b and 7 
depth is 4 ; 
ed = 
| 
1 п my 
Y= дау 
2 | When breadth И 
is d and | E 
depth is 5 
: = 
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Result. Ү=...... dynes/cm?=.....- Nm. 
Standard value= ....Nm^?. 


Precautions. (1) As the expression for contains the cube of length 
and depth, they should be easured very carefully, otherwise а 
large error will occur in the value of Y. (ii) The beam should Ъе- 

made horizontal and the loading should be made just at the 
middle. (iii) To reduce errors jn Y, six values of it should be found 
out so that the errorin Y will be ПА 6 times the error introduced 
in one observation. For this sake, three different lengths of the 
bar should be taken and for each legnths, the depressions should 
be noted by making the depth as breadth and vice-versa. 
EXPERIMENT 12. Determination of Poisson's ratio and elastic cons- 
tants for the material of a wire by Searle's method. 


Apparatus. Searle's apparatus consisting of two identical brass 
rods connected together at their midpoints by a Jength of the wire 
under test, the diameter of the wire should be small compared with 
its length; screw gauge, slide callipers, stop-watch, cotton-thread. 


Theory. Consider the state of affairs when 
each rod is displaced at an angle 0 from its 
equilibrium position. The wire is bent into 
acircular arc of radius of curvature 1/20 and 
the bent wire exerts a restoring torque on each 
rod equal to the moment of the flextural 
stresses produced in the wire by the motion of 
the rcd. 


1 
! 
1 
П 
ї 
1 
1 
| 
| 
| 


(Fig. 1.22) 


i 4 
For a slightly bent wire this moment - = С 0, since 


i=na‘/4 is the moment of inertia of cross-section for a wire of 
circular cross-section, a being the radius of the wire. 
The equation of motion of the rod is thus— 
ji ec na*Y 
dt? 2l 


where 7 — moment of inertia of the rod. 


6, 


The motion is thus simple harmonic and the periodic time is 


т-ж | 2 
ту mary 
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Sall ( 

ә» (СІ); 
Tai (1) 
With one rod clamped ina horizontal position, the periodic time is 


2 
T=% f >Н 


тазп 


from which Young’s modulus Y= 


. 


from which rigidity modulus ne BN, .. (2). 
а 


But 1--в= x where o=Poisson’s ratio. 


р A) КОО 


Having found У and п from equations (1) and (2) above, the 

bulk modulus K can be calculated from the relation 
1,2)! Л .. (4). 
Yak tin o 

Procedure. (i) First suspend the rods 
by parallel cotton-threads (preferably 
silk fibres) of equal length (50 cm) as 
shown in the fig. 1.23 so that the rods 
and the wire are in the same horizontal A 
plane. Put a vertical chalk mark on 
end face of either rod. во 

(ii) Draw together slighty the ends (Fig. 1.23) 

B and D of the rods by a loop of 

cotton thread. Burn the cotton and take the time of 50 torsional 
oscillations by a stop-watch with reference to the chalk mark. 
Repeat this prccess three times ard find out the mean time for fifty 
oscillations from which calculate the mean time period 7}. 

(iii) Now clamp the rod ABin a firm 
support and allow the lower rod CD to 
execute torsional oscillations round the 
axis of the wire. Obtain the periodic 
time Т» by timing 50 of these oscillations 
as described before. Е 

(iv) Measure the length (1) of the 
wire several times by a metre scale and (Fig. 1.24) 
find out its mean. 


ТР.Р.-5 
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(v) Find the radius (a) of the wire from at least six readings 
of the diameter taken by a screw gauge at different points along the 
wire. 

(vi) Weigh each rod. Also measure their lengths by a metre 
scale and their radii by a slide callipers. For rods of rectangular 
cross-section, measure their breadths by the slide callipers. 


Observations and Calculations 


(A) To find the moment of inertia of the rods. 


Mass of the rod AB—....gm— М1. 
Mass of the rod CD — ....gm =M}. 
Length of the rod АВ-....ст-11. 
Length of the rod CD =.. ..cm = Le. 
Least count of slide callipers=....cm 
zero-error= t....cm. 

Radius of the rod AB=....cm=r,, 

Radius of the rod CD—....cm-rs. 
[For rectangular rod, breadth of the rod АВ=....ст=ё,, 


breadth of the rod CD — ....cm —bs.] 


и. Moment of inertia of the rod АВ 


ГИТ 
=h=m( 45 e = seken ст?) 


Moment of inertia of the rod CD 


2 
== (I5 T ==.» ..gm cm?, 


{For rectangular rod, дем ыла ) 
12 


ала ha ( L2 + Б? ] 
4A 75 7 
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(B) To find the length and radius of the wire. 


Length of the wire, /= (i) ........ cm 
(1) жзаки и ст Меат ст. 
Gi) ss caves cm 

Pitch of the screw gauge=........ cm, 

No. of circular scale divns.=........ 

Least count of the screw gauge=........ cm, 


Zero-error= + 


а ————————————_____—___—— 


No, No. Compt. го. cap. | corrected 
of of X pitch reading| сар. 
obs. complete (ст) reading 

гоп. 
— ' --- - 
TX Жа nl aed ааа alll) am A. 5а 
1. | 
ШИН ӨТІ. И T E зое ЕСІ 
| 
ТОО маа | Me С 
2 j 
Е | 
2 Мы ЖАРАҒА қ 
DP АЛАР ГРАМ, ЖАР Са 
а, 
СА Н КС ыт 


Total; Mean Mean 
(cm) diameter] radius 
| (cm) r 
(cm) 


When both the rods 


When rod CD is 


а are oscillating oscillating 
1 o 
‘or | 582 
obs.| SES | Time Mean Time Time Mean Time 
^93 | taken time period taken time period 
° (sec) (sec) T; (sec) (sec) Ts 
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If now a body of regular shape be placed symmetrically on the 
table (disc) such that its centre of gravity is vertically above the centre 
of gravity of the table, then the suspension axis of the latter passes 
through the c.g. of the combined system. The time period of oscjlla- 
tion of the combined system about the suspension axis is given by 


T,=2n / h rh зи (2); 


where 7, is the moment of inertia of the regular body about the sus- 
pension axis and its value can be calculated. 

Finally, if the experimental body be kept on the table (disc) in 
place of regular body such that its centre of gravity is vertically 
above that of the table, then the suspension axis of the latter again 
passes through the c.g. of the new combined system. The time period 
of oscillation of the new combined system about the suspension axis 


is then given by 
p= ny / oth "E 


where Jp is the moment of inertia of the experimental body about ап 
axis passing through its centre of gravity. 


From these three equations, eliminating J, and c, we get 


fade 


aes te ИО 


Procedure. (i) Level the base by means of a spirit-level and 
levelling screws L4, Le, Гл. 


(ii) Adjust the position of masses within the groove till the disc 
is horizontal, as indicated by the spirit-level. In this condition sus- 


pension axis is perpendicular to the plane of disc and passing through 
its centre of gravity. x 


(iii) Put a chalk mark on the vertical edge of the disc to note its 
oscillations. Now rotate the disc in a horizontal plane through a 
Tr engle and release it. The disc begins to oscillate due to torsion 
DR атн Note down the time for 30 complete oscilla- 

y ; p-watch and repeat it thrice. Find out the 
mean time period Ту. There should not be any pendular oscillations 


of the disc. If there is an i 
y, this should be damped i 
touching the suspension wire near the lower ie edis esiti 


-- 


T 
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(іу) Place the regularly shaped body on the disc. If it is a cylin- 
der, place it one of its flat faces. Adjust the position of the body 
till the disc is again horizontal. Then the centre of gravity of the 
body is vertically above that of the table and is on the suspension 
axis. { 

Note down the Ише for 30 complete oscillations thrice апа find 
out the mean time period Tj. 

(v) Remove the regularly shaped body from the disc and place 
the experimental body on it, with the axis about which its moment 
of inertia is to be determined parallel to the suspension axis of the 
table. Now adjust the position of the body till the disc is again 
horizontal. Then the two axes coincide. Also the centre of gravity 
is vertically above that of the table and is on the suspension axis, 
because the axis about which the moment of inertia of the body is to 
be determined passes through its centre of gravity. 

Note down the time for 30 complete oscillations thrice and find 
out the mean time period Т» 

(vi) Weigh the regularly shaped body by a balance. If the 
body is a cylinder, measure its diameter and length by slide callipers. 
(But if the body is a ring, measure its inner and outer radii by slide 
callipers.) 


Using appropriate formula find its moment of inertia Д. 


(vii) Finally, using eqn. (4) calculate the moment of inertia Љ 
of the experimental body. 


Observations and Calculations 


Enter thus— 
(A) Reading for the diameter of the cylinder* (the given body of 
regular shape). 
Least count of the slide callipers=...... cm, 
Zero-error= +....ст. 


+ If itis a ring, then there will be readings for (A) external diameter, (B) 
internal diameter and (C) mass of the ring. 
The moment of inertia of the ripg about an axis passing through its cg. 


and perpendicular to its plane is given by =M ae), where M is the mass 


of the ring and R and rare its external and internal radii respectively. 


72 A TEXT BOOK OF PRACTICAL PHYSICS 


D cm D! исш. 3 [3 wt zac. 
к 5 “SG gm. 
Econ mus @ uem { 
Mean diameter of the cylinder=........ cm 
2. Mean radius of the cylinder, R=........ cm. 
‚ (B) Mass of the cylinder, M=........ gm. 
2. Moment of inertia of cylinder about its axis 
I ae көкекте gm.-cm? 


. (C) Readings for the time periods. 


| i jod 
Nature of Time for 30 oscilla- | Mean in sec xs pono 
oscillating body tions in sec 
Moment of inertia i Уе 4: ү (T) 
table (@ ^ | М 
Table and regular d) et Ж Ra (T) 
body, died М. 
Table and experi- © teene (T) 
mental body (iii) 


Result. M.I. of experimental body=...... gm.-cm?, 


Precautions. (i) The disc should be always horizontal. (ii) There 
should not be any pendular oscillations of the disc. 


EXPERIMENT 14. Determination of the moment of inertia of a fly- 
wheel about its own axis of rotation. 


Apparatus. A flywheel, suitable weight, fine cord, stop-watch, 
metre scale, slide callipers, weight-box and a balance. 
` Description of the apparatus. 
disc of large diameter to which is 
diameter. It is mounted on ball be 
and at a suitable height from the Я 
the axle. A suitable mass m is at 


FLYWHEEL. It is simply a heavy 
attached a long axle of small 
arings with its axle horizontal 
oor. There is a peg P or hole on 
tached to one end of a fine cord 


d 
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and at the other end is made a large loop which is slipped over the . 
straight peg or pin fitted in the hole. The wheel is rotated so that 
the cord is wound over the axle uniformly without overlapping. 
The length of the cord is adjusted so that when the descending mass 
reaches the floor, the cord detaches itself from the peg or pin. In 
order to count the number of rotations of the wheel, a reference 
mark is made on the rim of the wheel opposite to the horizontal 
pointer fixed to the structure on which the flywheel is mounted. 


Theory. Let the mass of the suspended weight be т, and let 
the moment of inertia of the flywheel be Г and the radius of the axle 
r. Then when the mass 
descends a distance h it POINTER 
JHARK 


loses potenital energy 
—mgh, and during the 
same time it acquires 
kinetic energy = }ту° due BALL 
toits velocity v at the BEABINGS 
floor (obstacle), and the 
wheel acquires kinetic 
energy = {Го (where 
v=ro). Then by the 
principle of conservation 
of energy. 

тей = ту? +4Jo2 + (Fig. 1.26) 
the work done against 
friction. Let the opposing frictional couple be F, and if the wheel 
makes п revolutions whilst m falls through / then ) 


mgh —3my? 4-319? — Елп AD 100) 


Suppose that after the mass is released at the floor (or obstacle) 
the wheel makes further N revolutions before being brought to rest. 
The work done against friction during these N revolutions is equal 


to the kinetic energy of the wheel when m is at the floor— 
InN F =410* 22 (0): 
Substituting Гог F in (1) from (2) we get 


mgh-2imv* +o? Hot 
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2 2 
У y»? n 

ӛту: +41-- 
ri 72 


N 


E Шы. 
2 (Е |. 


Now since the acceleration is constant, the velocity of m at the 
floor is twice the average velocity during the fall through h, 165 


у= 21/1. 
4h? TTAR 
m [e de) 
А па Ва N sx (3) 
from which I-mr ( oh i) (54 (3) 


Procedure. (i) Set up the flywheel as described in the fig. 1.26. 
Raise the mass m to a height near to the axle (about 150 ст above 
the fioor) and mark the lower surface of the mass by a pointer fixed 
to a vertical scale. Measure the distance between the pointer and 
the floor (or the upper surface of m obstacle) thrice by a metre scale 
and find out the mean A. 

(ii) Release the mass and allow it to fall under gravity through 
the height 4. Note down the time of descent ғ by a Istop-watch. 
Count down the number of revolutions (both integral and fractional) 
n of the wheel during this time by observing a mark made on the 
circumference of the wheel. Also count down the further revolutions 
N made by the wheel before coming to rest after m is detached by 
reference to the mark. 

(iii) Repeat the operation (ii) thrice for the same height / and 
take the average values of n,tand N. Ы 


(iv) Weigh the mass and obtain the value of m. 


(v) Measure the diameter of the axle by a slide callipers at diffe- 
rent places along the axle in two perpendicular directions at each 


place. Find out the mean diameter from which the mean radius of 
the wheel r is known. 


(vi) Now calculate the moment of inertia 7 of the flyviheel. 


Observations and Calculations 


МЕБ eer gm. 


Height, 5 —(i) ...... cm, (ii) ...... em, (iii) ...... cm. 
Mean Ji9...... cm. 


знана ——————— À—!Á——————P——— — — 2.4 
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(А) Measurment of radius of the axle by a slide callipers. 


Least count icu ru em; zero-error=........ ст. 
ERU io В ня 6 
No. |, | ; Ver. read.| Total Mean Corrected | Mean 
ot» * | МӨ, | orcs xL.C. |=diameter| diam. | diameter | radius г 
obs. | | * (cm) (cm) (cm) (cm) (cm) 
| EM | | 
t Ww E | exe у one | 
| | | 
DI = "ожа Yi ae | 
2; | nen eus ES 
lc W^ T T = | 
DI ws | sss ee es 
3; | | | 
| | | 


Isi) ueni se sec; XI) ess sec; aii mm sec. 
Mean тет, о. ѕес. 
Та Ate Ta > ae 
No. | . 
5 | ч Total 
ДЕ | Integral | Fractional (rev.) 
n a 4% 
3 | | e (=n) 
| а | 
ET же 
N 2 | 
3 | (=N) 
2 N 
ayy al Kee 1) ( vor) ав -ст?. 
т 2h ‚Мп Ка 
Bae kgm-m? 
ан КАН kgm-m?. 


Precautions. (i) The length of the cord should be slightly less 
than the height of the axle from the floor (or obstacle). (ii) There 
should be no overlapping of the various turns of the cord. (iii) The 
diameter of the cord used should be very small compared with the 
diameter of the axle. (iv) The loop slipped over the peg should be 
loose so that it must leave the peg when the cord unwind itself. 
(v) The radius of the axle should be measured carefully. (vi) The 
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mass attached to the cord should be of such a value as to start the 
motion of the wheel without any external help and sufficient to 
overcome the bearing friction. (vii) The stop-watch should be started 
immediately the mass begins to descend. 


VISCOSITY 


EXPERIMENT 15. Determination of the coefficient of viscosity of liquid 
(water) by the “rate of flow" method throught a 
capillary tube 


Apparatus. Constant head apparatus, capillary tube, stop-watch, 
rubber tubings, travelling microscope, balance weight-box, beaker, 
crucible, a sensitive thermometer, mercury, metre scale, stand and 
clamp, and a pinch-cock. 


Description of the apparatus. CONSTANT HEAD APPARATUS. It 
consists of a tank (vessel) T provided with an inflow tube A, constant 
level overfiow tube B and outflow tube C. The inflow tube is bent 
to the horizontal side inside the tank to reduce the risk of shooting 
water right out of the apparatus when it is turned on too rapidly, 
and to reduce the likelihood of a small wave (or pile) of water form- 
ing vertically over the inflow tube. The ends of the tube are corru- 
gated for rubber tubing connections. The height of the tank from 
the capillary tube can be varied by sliding it along the supporting 
rod and can be clamped in any desired Position. The end of the out- 
flow tube can be connected to the capillary tube by rubber tubing. 
The water head in Т can be maintained at а constant level corres- 
ponding to the uppermost point of B. 


m 


“----------..... 


= 
Rubber tube 
to tap 


7% 


Rubber tube to sink 


(Fig. 1.27) 
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Theory. When liquid flows through a capillary tube, as shown 
in fig. 1.27, the following relationship holds : 


АЗ пг“ 
SP „ПР 
iniri gy 18° 
where n=the coefficient of viscosity, in gm/cm sec. (called the 
poise), 
P — the pressure difference under which the liquid flows, in 
dynes/cm?, 


1 —length of the capillary tube, in cm, 

А —area of the cross-section of the bore of the capillary 
tube, in cm?, 

V =volume of the liquid (in cc) that flows out in one sec, 

г ^ radius of the bore of the capillary tube, in cm, 

I; = height of the liquid (water) head above capillary tube, 
in cm, 

P — density of liquid, in gm/cm?, 

g=acceleration due to gravity, in cm/sec?. 

Procedure. (i) Take а capillary tube about 50 cm long with a uni- 
form.bore about 1 mm in diameter. Wash the bore of the tube first 
with dil. caustic soda, then with dil. nitric acid and finally in a stream 
of water. Dry it by passing hot air in it.* Attach a rubber tubing to 
one end and dip the other end of itinto clean and dry mercury. Close 
the free-end of the rubber tube by pinch-cock and then press the rubber 
tube in the middle. Release the pressure. A mercury pellet will be 
drawn in. Closing the end of the cap. tube under mercury with a 
finger, take out the tube from the mercury and place the tube flat 
ona horizontal base. Measure the length of the mercury pellet 
with a travelling microscope at different parts of the tube. Find out 
the length L in, cm. Weigh an empty clean crucible. Empty the 


(Fig. 1.28) 


mercury into the crucible and reweigh it. The difference will 
give the mass of the mercury M,in gm. Determine the value of r? 


* The diameter (hence) of the bore can also be measured (whenever а 
greater accuracy is not required) Буа travelling microscope. Measure the diameter 
at both ends of the tube and take both direct and cross readings at each end, 
The mean will give the diameter. 
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(whence r*) from the relation, M —nr?L d, where d is the density of 
mercury at that zemperature. 


Gi) After removing the rubber tube, measure the length of the 
cap. tube by a metre scale to the nearest mm. Repeat it thrice 


and find the mean length / cm. 


~ (iii) Now connect the cap. tube to outflow tube B by rubber tubing 
E. Keep the tube horizontal on its base, testing this by a spirit level. 
Allow the water to flow through the tube which is possible when the 
supply of water through А is slightly in excess of that flowing out 
through the cap. tube and this excess water flow out through the tube 
B. Adjust the height of the tank T till the emergent water issues as а 
slow trickle or succession of drops, so that the kinetic energy of the 
water is small. A pinch-cock K is used so that the flow of water can 
be started or stopped at will. 


(iv) When the flow of water in the tube has become steady, collect 
the water trickling from the end of the tube ina previously weighed 
beaker for a known interval of time (determined by a stop-watch). 
Weigh the beaker with its contents again. 100 to 150 gm of water 
should be collected. Repeat the collection of water thrice for the 
same interval of time. Find the volume of water by dividing the 
mass of water collected by the density of water at that temperature. 
From this calculate V, the volume of water flowing per вес through 
the cap. tube. Carefully record the temperature of water in. the tank 
by a sensitive thermometer. 


(У) Now measure the height (Л cm) of the water-head above the 
cap. tube* by a metre scale to the nearest mm. 


(vi) Repeat the experiment for different height of water, taking 
care that the motion of theliquid always remainsin streamlines. 


(vii) Plot a graph taking Л along the x-axis and the corresponding 
mass m of water collected in known time along the y-axis (Fig. 1.29). 
The graph should be linear. For large values of л the departure from 
the straight line in the graph indicates the presence of turbulent 
motion in the tube. From the linear part of the graph obtain the 
value of Л and m and then calculate п. 


Lll T = 


* Measure the height of the water head in T and the height of the axis of 
the cap. tubefrom the tabie. The difference will give the required height. 
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Observations and Calculations 
Enter thus— 
(A) Readings for the radius of the bore. 
1 main scale divn. of the travelling microscope—0'05 cm. 
50 vernier divisions coincide with 49 main scale divns. 
1 ver. divn.— 28 х 0°05 cm. 
*. Least count of the microscope = 0001 cm. 
Length of the mercury pellet— 


Ше Pun CMs (Des csse стау (IH) cens vu cm 
Mean, 2 = 16:159 cm. 
Weight of the empty crucible=........ gm. 
Weight of crucible+-mercury=........ gm. 


Mass of mercury, M —3:026 gm. 
Temperature of mercury = 31°4°С. 
Density of mercury at 314°C, d= 13752 gm/cc. 
дез. 5. Б 1020.24 
zLd  3°1416x 16159 x 13:52 
r= 1:942 x 10-5 спал. 
(B) Length of the Capillary tube. 
Uy акне еш, dH) 224% 2 cm, КІШ.) ст. 
Mean, (=77:85 cm, 
(C) Weight of the empty beaker, m,=62°705 gm. 
(D) Temperature of Water. 
(^ Moo = оС) Е: 56: 
Mean temp. =31°4°C. 
Density of water at 31:4? 2, р--0:9957 gm/cm?. 
(E) Readings for height h versus V. 


sq. cm. 


a 


; Volume 
Height Weight of the 
Sitka beaker--water |Mass of oh water Mean 
water- in gm water | Time | ре. Ing 
SEP head єр taken | PEF 5°©, л. h gi 
above jted, m-| rin AH I = 2 
obs. Ithe cap. | m, =m, | sec |” p. АЯ 
tube, f, |I п/ш Mean | ingm in 
іп ст | a ases 
j: 84-239 | 21:534 021627 |83:23 
a 87:818 | 25:113 0:25221 |83:26| 
91:410 | 28:705 | 100 | 0:28828 |83:25 0:00787 
1:..| 95306| 32-601 032745 |82 45| 82-31 | (at 
98:508 | 35:803 0:35956 | 83°43 31:4°С) 
102-807 | 40:102 0:40274 | 81:94 
әре see j 409/291 0:45773 | 78-65 
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маѕѕ(т) of water collected in 100 зес,-- (small Гит, = -2gm,) 


Co-effictent of viscosity of water 
by capillary tube method 


si Af fz 25-2 СТ, 

mz 30-2075. 
40 
36 E 

+ 
32 
28 
24 : 
TE | 
20 LL 
18 22 26 30 34 
Height (h) іпет,----(15тай divn,= 20m) 
(Fig. 1.29) р 


From graph (fig. 1.29), 


At h=25:2 cm, the mass of water collected in 100 sec. =? 
= 302 gm. 
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is 30:2 
0:9957 x 100 
-. The coefficient of viscosity of water at 314°C, 


Tes 3:1416x 1:94 x 10-5 x 25:2 x 0°9957 x 980 x 0:9957 x 100 
1x7T85x302 


e сс/зес. 


--0:00794 poise. 


Result. The coefficient of viscosity of water at 31:49С 
= 0'00787 poise (from calculations) 
=0'00794 poise (from graph). 

Standard value at that temperature=.......- poise. 


Precautions. (i) The bore of the capillary tube should not be 
more than 1 mm in diameter, otherwise the motion of the liquid 
will not be streamline. With wider tubes the velocity of the liquid 
exceeds the critical velocity and becomes turbulent. (ii) The capillary 
tube chosen for the experiment should have a uniform bore. By 
measuring the diameter at both ends with a travelling microscope, 
the uniformity of the bore should be tested. (iii) The cap. tube should 
be placed horizontally. (iv) The rate of flow of water should be so 
adjusted (by increasing or decreasing the height of the water-head 
above the cap. tube) that it trickles down slowly. If before trickling, 
the water runs back along the side of the cap. tube, apply a little 
grease (or soft wax) at the end of the tube. But take care that no 
grease gets into the bore of the tube. (v) Since the radius of the bore 
of the tube is to be raised to the fourth power, it should be measured 
very carefully. (vi) The tap should be turned on for at least five 
minutes before the inflow tube A is connected to the tap, so as to 
eliminate the temperature fluctuations which occur in water between 
the deep mains and the taps. (vii) As the viscosity of a liquid depends 
upon its temperature, the latter should be noted very carefully with 
a sensitive thermometer and it should be reported with tbe result. 
Remember that n decreases with an increase of temperature. (viii) 
There should be no constriction in the rubber tube Е connecting the 
cap. tube and the outflow tube С. 


Discussion. The apparatus yields a fairly satisfactory result if 
the rate of flow of water through the capillary tube is kept small. If 
the error due to kinetic energy of liquid (water) and its acceleration 
near the entrance end of the cap. tube is to be eliminated, the follow- 


т. № p.-6 \ 


82 А TEXT BOOK OF PRACTICAL PHYSICS 


ing relation is to be employed for the determination of n. 


- пг“ 3 ys 

= — S741 64r) Pal h ert ) 

But the capillary flow method is not suitable for determining the 
viscosity of very viscous liquids, such as oils. 


ASSOCIATED EXPERIMENT 


1. Show the variation of V with h. 

Hint. Plot the (V—A) graph which will indicate the variation 
of V with h. 

ExPERIMENT 16. Determination of the coefficient of viscosity of 

castor oil by using Stoke’s formula. 

Apparatus. Steel-balls, screw gauge, stop-watch and Stoke's 
formula apparatus. 

Description of the apparatus: STOKE'S FORMULA APPARATUS. It con- 
sists of a tall (nearly one metre long) cylinder ВА containing the 
experimental liquid (castor ой). The two ends of the cylinder are 
closed by rubber corks. А tube 
С is introduced in AB through а 
hole in the upper cork in such а 
way that axis of the tube coinci- 
des with that of the cylinder. The 
diameter of the tube C is slightly 
greater than that of the balls to 
be used so that the ball may 
easily pass through the tube and 
fall along the axis of the cylinder. 
Aand Bare two marks on the 
outer wall of the cylinder so that 
the whole column of liquid in the 
cylinder is divided into three 
equal parts. The cylinder is kept 
vertically within a vessel D con- 
taining water so that the variation 
of temperature of liquid due to 
transference of heat may be avoi- 
ded. The thermometer T gives 
the temperature of water of the 


(Fig. 1.30) 
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vessel and hence of the experimental liquid in the cylinder. 
Theory. Stoke showed that if a small sphere of radius r and density 
P assumes a terminal (uniform) velocity in an infinite extension of 
liquid of density c, viscous drag exerted on the sphere is given by 
F=6nnrv, 


where is the coefficient of viscosity of the liquid. When the sphere 
falling freely from rest under gravity through the liquid, attains the 
terminal velocity, the apparent weight of the sphere in the liquid 
$nr*(P—o)g becomes equal to the viscous drag 6znrv. 


= 2 =g 

9 5 «is (1); 
This is called Szoke's formula. (When vr is small compared to m, 
Stoke's formula holds good.) 


Procedure. (i) Measure the diameter of each steel-ball three 
times, taking both direct and cross readings, each time, by a screw 
gauge. Then find out the mean radius r, in cm, of each ball. 

(i) Before introducing the balls in the cylinder, wet them 
thoroughly with the experimental liquid. 

(iii) Now, first introduce the ball of lowest diameter in the tube 
C. The ball will travel downward along the axis of the cylinder 
and it will assume terminal velocity as it reaches the upper mark A. 
Measure the time t in sec taken by the ball to travel from marks 
A to B by a stop-watch. 

(iv) Repeat the operation (iii) with balls of increasing diameter. 
Measure the distance between the marks 4 and B thrice by a metre 
scale and find out the mean distance s in cm. Now, find out the 
terminal velocity у for each ball by dividing s by corresponding 
time f. 

(v) Note down the densities P and c of the balls and the experi- 
mental liquid respectively from a book of constants or determine 
them by means of a specific gravity bottle. 

(vi) Note down the temperature of the experimental liquid by 
the thermometer 7. 

(vii) Plot a graph taking ;?in sq. em along x-axis and 1/f in 
sec! along y-axis (fig. 1.31). The graph will be a straight line 
passing through the origin. Take а point on this straight line graph 
and find out the value of г? and corresponding 1/t. Calculate n 


from this. 


n 
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Obsesvations and Calculations 
Enter thus— 


(A) Readings and radii of balls. 


Pitch of the screw gauge —0:05 cm. 
0:85) 2; 

5 ore 001 cm. 
Zero-error=nil. 


SS ————__—__—___———_—__—_—_——___ 


Least count= 


No. of T А Меап i 
bi No. of Қылық Qus: Bile pua. in| aiam, [Mean radius 
no. з. rotations a іп cm Moser 
e 4 13 0213 0213 0:1065 
у Оо 13 0:213 
2 
3 eee | С эш 
al, D 5 29 0379 — Ё PU 
: | 0:2792 0:1396 
A 7 c 5 29:5 0:2795 
3 = ---- 
1 7 6 10 ШЫ ЕТЕР С”. 
“3105 0:1552 
я с 6 11 0311 
2 
3 ----- 
D |= 7307 [`` 0:339 > i 
{ | 0338 0:1690 
h : с 6 37 0°337 
D^ 1 22" шай |: EE {eS 
| 7 23 | 0373 0°373 0:1865 
5 7 с 7 23 0:373 
Deo в | 
E Dulce ras ]-0395 — 
i 5 |0395 0:395 01975 
6 3 е T 45 0:395 
12 | 
Д р 8 21 0421 
; 0:422 0:2110 
7 от 23 0:423 i 
3 
(B) Distance between two marks. 
(Мо ii ii 
) ASCI, AAT) ey ert COM) 22; cm, 


aa шанадан Í 


E 
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(C) Readings for terminal velocity. 


; Terminal velo- 
Ball no. r? in cm Tuer қан d d in sec-i city v=s/t 
| t in cm/sec. 
1 
1 "01124 i 21:74 0:04599 | 2:68 
2 “01949 i 12-8 0:07813 4:55 
3 "02408 | 99 0:101 5:88 
4 *02856 85 0:176 6:85 
5 03475 | 69 0:1439 8-38 
6 “03901 | $25 01613 9:40 
Y *04452 | 54 0:1852 10:79 


ofcasion oii bu Stake's 
corresponding [or?- 025, 7-104. 


144 


E. = 
Е) in 3267! —> (1 small Мп, = +002 sec") . 


(90) о “02 95 +04 “05 
r2 in sq.cm,—» (т small divn,-0-0005cm?) 


(Fig. 1.31) 
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(D) Temperature of experimental liquid = 30°С. 
(E) Density of balls, »— 7:72 gm/cc. 

Density of exptal. liquid (castor oil), с= 0.96 gm/cc. 
From graph (fig. 1.31), 


l-0104 sec.-! for ғ2= 0:025 sq./cm. 


1—9*615 sec. 
na (P—o)gr? 2 (P—o)gr? 
9 v 9 s/t 
. 2x(T:72— 0:96) x 980x 0:025 x 9°615 


9x58°3 
=6'067 gm рег cm per sec. (poise). 
Result. Coefficient of viscosity of castor oil at 30°C = 6:067 poise. 
Standard value at that temperature=............ poise. 
Precautions. (i) Since the radius of ball occurs in second power, 
it should be measured very carefully. (ii) That balls should be wetted 
with the experimental liquid before they are allowed to fall in the 
liquid. (iii) The balls should be allowed to fall axially down the 
cylinder. (iv) As viscosity changes rapidly with temp., the tempera- 
ture of the liquid should be maintained constant during the experi- 
ment. (v) The two marks should divide the liquid column into three 
equal parts and the central part should be used to determine the 
terminal velocity of the balls. ч 
Discussion. Stoke’s formula has been proved on the assumption 
that the liquid is of infinite extension. But the liquid contained in a 
cylinder is of finite extension. Hence a correction due to boundary 
conditions at the wall and bottom of the cylinder is necessary. The 
corrected Stoke’s formula (due to Ladenburg) is given by 


2 (P—o)gr? 


n A 
9 "Y ar 
(аз) (14337) 


where Ris the internal radius of the cylinder (which can be measured 
by slide callipers) and Л is the height of the experimental liquid in 
the cylinder (which can be measured by a metre scale). The 
corrected coefficient of viscosity of the liquid may be determined by 
using this formula. 

Note : Stoke’s method is suitable for more viscous liquid. 
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ASSOCIATED EXPERIMENT 
1. Verify Stoke's formula 
Hint. Perform expt. 16 and plot (e-+) ог (r?—v) graph. If 


the graph is a straight line passing through the origin then Stoke’s 
law will be verified. 


EXPERIMENT 17. Determination of the coefficient of viscosity of a 
liquid at different temperatures. 


Apparatus. Reynold’s apparatus, a tall beaker of one litre capa- 
city, beaker, stop-watch, metre scale, travelling microscope, mercury, 
watch glass, weight-box and balance. 

Description of the apparatus : REYNOLD'S APPARATUS. It consists 
of a siphon of glass tube (short tube about 10 cm long and long 
tube about 60 cm long and both about 5 mm bore) connected to a 
length of capillary tube (about 15 cm long and 0:5 mm bore) by 
means of a short length of rubber tubing. А pin, P, bent twice at 
right angles, is attached to the tube by means of two rubber bands. 
The liquid is placed in a tall 
beaker (one litre capacity) and the 
point of the pin is adjusted to coin- 
cide with the surface. А stirrer 5 
and a thermometer T are provided 
inside the liquid. There is a heating 
arrangement to raise the tempera- 
ture of the liquid. 

Theory. The total volume of 
liquid (coefficient of viscosity п) 
passing through the capillary tube 
(length / and internal radius r), per 
second V is given by 


The presssuse P has the value (Fig. 1.32) 
PgH, if itis remembered that the 
column of liquid in the capillary tube is supported by the up- 
thrust of the surrounding liquid, leaving the column PgH to provide 
the pressure necessary to overcome the viscous forces. Hence the 
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coefficient of viscosity of liquid at the temperature 


E- nripgH 
B^ 


where P is the density of liquid at 6°C. 


If m be mass of the liquid collected in { sec, 


then И=т/рё. 
n= nriP*gHt poise at 0°C. 27 519; 
8lm 


Procedure. (i) Set up the apparatus as shown in the fig. 1.32. 
Fill the tall beaker with liguid up to level shown. Heat the liquid 
and raise its temperature to about 70°C. Stir the liquid and note 
the temperature by the thermometer. Suck over the liquid and 
collect the liquid in a weighed beaker for a given time г (say 2-3 
minutes) as recorded by a stop-watch. Weigh the beaker with the 
collected liquid and find out the mass m of the collected liquid. 
As liquid flows out, the level of the liquid in the tall beaker falls 
and beaker is raised or tube is lowered so that the point of the 
pin P always coincide with the surface of the liquid. Note the 
temperature again and find the mean temperature (0°C), 


(ii) Repeat the above procedure at intervals of 10°C, i.e., at 
60°C, 50°C, 40°C, etc. till the room temperature is reached. 


(iii) Measure the height H by a metre scale. 


(iv) Find out the internal radius (r) of the capillary tube by 
drawing in a mercury pellet as described in Expt. 15 by employing 
the formula M—nr?Ld, where т is the mass of the mercury pellet, 
Lis the length of the pellet and dis the density of the mercury at 
room temperature. 


(v) Measure the length of the capillary tube thrice by metre 
scale and find out the mean value of /. 


(vi) Note down the density р of the liquid at all temperatures of 
the experiment from a constant table. 


(vii) Calculate п at all temperatures using Eqn. (1). 


| (viii) Draw a graph taking temperature in °C along x-axis and 
i in poise along y-axis. 


= 
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Observations and Calculations 


(A) Length of the capillary tube. (i) Tet сш". cm, 
1)1.. e cm. 
Mean і= ...... ст. 


(В) Radius of the capillary tube. 


Least count of the travelling microscope=..---- cm 


Reading of left end of: Reading of right end 
No. mercury pellet | of mercury pellet a Е 
of | | 81 4 
obs. | MS.| Ver. Total S.M.| Ver. Total 5 18 c 
read. =а read. =b 5 `5, = 
(cm) | x L.C. XLC. A li = 
(cm) (cm) (ст) | (cm) (ст) 


Mass of mercury pellet, М=...... gm. 
Density of mercury at room temperature, а-...... gm/cm?. 
р Ма 
БЕЗЕ ra ст“. 
х?/24° 
(C) Height H (i) ...... сіз, (ii) «ses es cm, (ii) ...... cm 
Mean Н=...... cm. 
(D) Mass of beaker, my=.---+- gm. 
Temp. | Mass of Mass of Time Density of 
„of | beaker liquid of liquid from 
liquid | with collected collection| constant n 
(°C) | liquid—z in t sec 1 table (poise) 
=т=т,—П"\ 


| 
| (gm) (gm) (sec) (gm/cm*) 
| 
| 
| 
| 


сл ьш о е 
> 
5 
| 
nr 
© 
o 


Precautions. (i) The radius of the capillary tube should be 
measured very carefully asit is raised to the fourth power. (ii) The level 
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of the liquid should be always at the pin point. (iii) If the flow of 
liquid is too rapid, thén H must be decreased by raising the siphon 
provided it is the same at all temperatures. (iv) The liquid should 
be stirred well before taking reading of the thermometer. 


EXPERIMENT 18. Determination of the viscosity of a liquid by the 
oscillating disc method. 


Apparatus. Oscillating disc apparatus, lamp and scale arrange- 


ment, screw gauge, metre scale, stop-watch 


» Specific gravity bottle, 
weight-box, 


balance, a ring of copper, and thermometer. 

Description of the apparatus. OSCILLATING DISC APPARATUS. The 
flat disc is suspended horizontally by a Phosphor-bronze suspension 
which is attached to a rod tigidly fastened to the centre of the disc. 
This rod carries a cross-bar whose ends have a screw thread, along 
which two masses may be screwed to balance the disc horizontally. 
A small concaye mirror is fastened to the rigid support. 


Theory. The viscosity of a 
liquid may be determined - by 
timing the period of oscillation 
of a flat circular disc in air, and 
finding the logarithmic decre- 
ment in the liquid and in air. 

O. E. Nayer has shown that 
with such a disc, .the coefficient 
of viscosity for a liquid, n, is 


1612 


= 


= анан 
nPT(r* + 2rd)? 


(езу е) o 


"where J is the moment of inertia of the disc and attachments about 
the axis of suspension, Pis the density of the liquid, Tis the time 
of complete Swing in air, r is the radius of the disc, d is the thick- 
ness of the disc, А is the logarithmic decrement in the liquid, and 
Ао is the logarithmic decrement in air. 


(Fig. 1.33) 


The curve of fig. 1.34 is the graph of 9 (angular displacement) 


ВА 
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against f (time) of a 
damped oscillating 
disc. Choosing the 
origin at В, we may 
write 


2 
9— Се-Ёсоз 297. 
T 


The initial ampli- | (Fig. 1.34) 

tude at 1-0 is 
B,C,. Half a period later, with t=7/2, the displacement is B,C, = 
Секта on the negative side of the axis. А period later, ?—T, the 
displacement is B,C,— Сет", and so оп. It is clear that 

ВС BaCl. =e". 

В.С. ВС 
The logarithm of this ratio is denoted by à. Kt is called the loga- 
rithmic decrement and is equal to kT/4. 


BC, 


г. ^=2'303 logio В.С," 


The damping is described by means of à and not ne 

К. Tt is evident that 
В.С, 
lose BC 


= 2А. 
303, 


In general, if observations аге made of a maximum displacement 
and of another, n periods later on the same side, i.e., of the first 
and (2n+1)th maximum displacements, the logarithm of the ratio 
of the displacements is 274. 

If the amplitudes of these displacements be denoted by a, and 
05541 respectively, 


41 


1 
у= 
2п 98 


Cons 


Let the successive amplitudes be denoted by оу, a», аз Etc., ai, 
аҙ etc., on one side of the zero; оз, ац etc. on the other side. The 
full extent of the successive swings from one side to the other will 
be denoted by Ви, Ba etc. 


Thus В. = а-а, ф-0:--аҙ, and so on. 
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Now кебе ба a m ВЕ. 
02 Gs бо: Ba 


Similarl хараара кзз ы Bae 
imilarly, e ary = 
Thus по. — Bi ог a= tog, В 5 She, (2); 
: Ван п Ee Pna: 0) 


For the determination of ^. by the full swing method is to obtain 
а number of succesive values of full swings, then to wait until the 
amplitude has died down and to read an equal number of successive 
values. The time interval must be taken between the first reading 
of the first sequence and the first reading of the second sequence. 
Suppose the first set of values are ВВЕ. eins » Во. If the number of 
Вай vibrations which occurs between the beginning of each sequence 
is m, this number can be found from the time interval, ¢, from the 
relation n=2t/T. Suppose the second set of values are Banas. Виза, 


ERE ә Bn+10. Then 
enis Bue d Ba зале Ву 5 Bat Bots... Вю _ 
Bnit — nas Bnsio Baii+Bnigt-.--Braro 
1 Bit+Bo+....+8 
о = Пора есь м Ер М 
у п = Вил + Ёл+әЕ....Ёл+зо +» (3). 


This method has the advantage that, in effect, the average of а 
number of swings is used and the use of formula (3) ensures that: 
each reading is used once only. 


Procedure. (i) Measure the diameter of the disc in different 
directions by a metre scale and find out the mean radius (r). (ii) Mea- 
sure the thickness (4) of the disc by screw gauge. (iii) Determine the 
density of the given liquid using specific gravity bottle. 


(iv) Direct a beam of light from a lamp on to the mirror and 
bring it to focus by the latter on a scale about a metre away. 
Oscillate the disc in air. As the spot of light passes its rest position 
on the scale, during its oscillation, start a Stop-watch and stop it 
after fifty complete oscillations, Then find out T, the time for 'one 
oscillation (or swing). 


(v) Obtain the value of Г from the method of oscillation. If т is 
the restoring couple per unit angular displacement due to the 
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suspension, we have, in air, where the logarithmic decrement is 
small, 

Т-2л-/ Ift "E c 
Piace a small ring of copper on the disc and obtain the time of a 
complete oscillation (swing) 7’ from the determination of the time 
of fifty swings for the loaded disc. Then ' 


T+T 
T'=m = Й .. (9, 


where Г’ is the moment of inertia of the copper wire ring about the 
axis of suspension. 

Measure the radius (a) of the ring of wire by a scale, and also its 
mass (т) by weighing. Then I'—ma*. 


Tar 214 Ту тах 
дно ит Ур eer 
2 2 
Непсе 1= Тата aise ДӘ)» 


Thus calculate the moment of inertia J of the disc and 
attachments. ( 

(vi). Now find ош the logarithmic decrement for the disc 
oscillating in air; the disc is shielded from thed raught in an empty 
glass dish. For this, note the position of the light spot at the 
extreme left from the scale and start the stop-watch simultaneously. 
Then note the turning point of the light spot when it comes 
towards right. In this way note ten turning points both towards left 
as well as towards right. Discontinue the recordings of turning points 
but allow the stop-watch to run on. When the amplitude of the 
light spot is reduced to half (or has died dowa considerably), again 
start recordings of the turning points when it comes to exterme left 
and stop the stop-watch simultaneously. Note ten turning points 
of light spot on the scale at the extreme left and at the extreme 
right respectively. Note the time interval (f) between the first reading 
of the first set of swings and the first reading of the second set of 
swings from the stop-watch. The number of half vibrations 1$ 
n=2t/T. For example, п-2х(615/3:07)-- 400. if t=615 sec and 
Т--3:07 sec. 

(vii) Repeat the process (vi) in the liquid whose coefficient of 
viscosity is to be determined. Water or paraffin oil may be taken as 
liquid. Record the temperature of the liquid. 
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(viii) Calculate п using equation (1). 
Observations and Calculations 
(А) Diameter of the disc by a scale. 


Mean D=........ cms Medan p= 252... ст. 
(B). Thickness (d) of the disc by a scale gauge. 


Pitch of the screw gauge=... 
Least count of screw gauge = 


Zero-errore +........ cap. div. 
юк е ЕЕЕ 
Complete 
ory iE ise rot. X Cap. Corrected Total n 
bs LE pitch reading | cap. read. (cm) (en) 
1 
2 | 
2 | 4 ы 
| a 
„50-2. Ды... 
(C) Density (P) of liquid determined by sp. gr. bottle. 
РЕА gm/cm?. 


(D) Time period T and T 
B |. Лр” 


No. of Time Time Mean time 
Body SI. No. complete (sec) period period 
oscillations (sec) (sec) 


1 50 
Disc 2 50 - 

3 50 (=T) 
Disc 1 50 

2 50 


Meàánü-..--- cm. 


. ПЕ пеша = 25-2. gm-cm? 


we Т_Т: 
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(F) To find the log. dec. in air (4). 


a| £ 
Bo Б T 
Oscillations during first set Oscillation ae puer i t 
ait 
= +| = 
о . -е 
Г 2 5 " ala 
Displace- T|2 |85) Displace- ? E 
ment of | Total displace- |7|Z |» 2| ment оГ Total dis- g 
spot towards | ment of |S & 9 | E. | spot towards placement of X 
spot from |5| > В & spot from left [у 
left to right |E£|E ^S i to right ЗЕ 
——— om m à 
Left | Right Е ^ |2 |rem | Right IL 
““(о) |. (а) аз) [Ваза =O, Раз =... 
se) ЕС?) (а) [Bass =A +O, — 
(Gs) [...(0,) (а) [Bn4s ==® --09 
(0;) |- (ita . ) |... (аз) Ва, =07 +% 
(Gy) |...(010)185 = | Goog ) |.--(о)|Вп+ =F | 040 
(053). (053) (0:3) nec ац б 
(а,4))- (а «(а,Бағз = 012 ба 
(044) |-- (046 “а, Ван — 05 Г 216 


-. (Os) Dno. = 012 Гав = -+ 
)'... (аз Bno = QT бо ==... 


[з d el o eee 
(G) To find log dec. in the liquid (A). 
Tabulate as in (F). 


B, =G,; Газ 
А 7 18 * 
-““(ау) (9) B10 = Cio 049 = +++ 


(Н) Temperature of liquid — .......- 90% 
Pc (2). (==) 
aPT(ri--2r'dy T T 
mate gm-cm-? sec (poise) 
TIO EE SI unit 
Result. m2......-- SI unit. 


Precautions. (i) The length and radius of suspension should 
be so choosen that the oscillation may not be too quick in air or 
too slow in liquid. (ii) Аз г occurs in high powers, it should be 
measured carefully. 


EXPERIMENT 19. Determination of the viscosity of air by Rankine’s 
method. 


Apparatus. Rankine’s apparatus, travelling microscope, stop- 
watch, mercury, watch-glass, beaker, weight-box, small glass-funnel, 


pieces of rubber tubing, metre scale, pinch-cock and crucible. 


96 A TEXT BOOK OF PRACTICAL PHYSICS 


Description of the apparatus : RANKINE'S APPARATUS. This appa- 
ratus may be made by taking a length of quill tubing ‘of from 3 to 
35 mm Боге. This is bent as in the fig. 1.35, and joined by rubber 

i tubes Rand К’, to a capillary tube of from 
0-1 to 0:2 mm diameter and 50 cm long. The 
whole arrangment is then mounted on a 
board, so that it may be moved about with 
ease. Scratches А and B are made on the 
quill tubing so that the volume above 4 
is the same as that below В. A pellet of clean 
mercury (about 5 cm long) is introduced into 
the tube AB before R is fitted in position. 


Theory. When the board is hold vertically, 
it causes the mercury pellet to descend in 
ES В АВ. This pushes the airin the tube through 
the capillary. If the time interval from ihe 
instant the upper surface of the pellet is at the 
(Fig. 1.35) upper mark (A) to the instant the lower surface 
is at the lower mark (В) is г, then 


Vi Pp. Je 
E dd ou a а) 


where у is the volume of gas passing through the tube іп ¢ seconds, 
p is the extra pressure due to the pellet, / is the length of the capil- 
lary tube, r is the radius of the capillary tube, and n.is the viscosity 
of the gas (air) in the tube. 

The difference in curvature of the two ends of the pellet introdu- 
ces a surface tension effect which must be corrected for. The value 
of p is not mg/A, where т is the mass of the pellet, and A the mean 
cross-section of the tube, but in eqn. (1) above 


TIE e 
A 

Were c is the amount of the total pressure accounted for by this 
Surface tension effect, The value of е is constant for a given tube 
and may be found by altering m. This is readily done by using 
different lengths of pellet in the full tube. The value of v/tis plotted 
against mg] A; this gives a straight line, indicating the constancy of 
© whose value is found from the intercept on the axis of mg/A. 


p= 
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Now if уо is the volume between the scratches А and В, as 
determined by the experiment, 


y =" 


where Р is the density of mercury. Therefore 


E ) 
u р 
from which п may be calculated. 


Procedure. (i) Clean and dry the capillary tube., Measure its 
length thrice by a metre scale and find out its mean value (2). 


(ii) Attach a rubber tubing to one end of the cap. tube and dip 
the other end of it into clean and dry mercury. Close the free end of 
the rubber tube by pinch-cock and then press the rubber tube in the 
middle. Release the pressure. A mercury pellet will be drawn in 
closing the end of the cap. tube under mercury with finger, take out 
the tube from the mercury and place the tube flat on a horizontal 
base. Measure the length of the mercury pellet with a travelling micro- 
scope at different parts of the tube. Find out the length Lin cm. Weigh 
an empty clean crucible. Empty the mercury into the crucible and 
reweigh it. The difference will give the mass of the mercury M in gm. 
Determine the value of r? (whence г) from the relation M=nxr*Lp, 
where ? is the density of mercury at room temperature. 

(iii) Clean and dry the wider tube. Measure its internal diameter 
thrice by travelling microscope and find out its mean radius (R). 
Then А=жА?. . 

Also measure the distance between A and В thrice by metre scale 
and find out its mean value (L’). Then у, = AL’. 


(iv) Now introduce a pellet of mercury about 5 cm long in the 
wider tube using small funnel attached with rubber tubing and pinch- 
cock. Measure the length (d) of the mercury pellet by travelling 
microscope taking readings at the two ends of it. Then m= 440. 


(v) Attach the capillary tube with the wider tube by rubber tubing. 
Keep the tube horizontal on the board and bring the mercury pellet 


T. P. Р.-7 
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a few cm away from mark A. Now hold the board with the assembly . 
to the vertical position. The pellet falls down driving air from AB 
into the cap. tube. Start the stop-watch when the top of the pellet 
crosses mark А and stop the watch when its bottom crosses the mark 
B. Note down the time of descent. Repeat this procedure twice more 
by inverting the board. Find out the mean time of descent (1) 
in sec. 


(vi) Repeat the experiment five times by taking mercury pellets 
of different length into the wider tube and determine the mean time 
of descent for each pellet 

(vii) Plot a graph of v/t against mg/ A. 
This will be a straight line (fig. 1.36). 
The value of е will be found out from 
the intercept on the x-axis. 


Y 


x 
5-6-»|0 mg/A -> 


(viii) Now calculate п using rela- 
(Fig. 1.36) tion (2). 


Observations and Calculations 


(A) Length of the capillary tube. 


(i) ........ еш; (1) 52 SUUM се ау ст. 

Mean /=........ em. 

Least count of travelling microscope ........ cm. 

Length of the mercury pellet in the cap. tube : 

(DE. ssa cm, i) ст) VC) ЕМЕ cm. 

Mean = .......: ст. қ 

Mass of this mercury pellet Maaie nari gm. 

Density of mercury Р=........ gm/cm? at...... 9; 
ЕЕ ыт... cm?, from which 74-........ cmt, 


(B) Internal diameter of the wider bore as measured by travelling 


microscope. (i)....cm, (й) ....cm, (їй) ....cm. 
Medi ку vu em. 

5. Mean cross-section of the wider tube А =лК? =. . ..cm*. 
Distance between two marks 4 and B : 

(ross vt CMs) al) emos а ст, (iii) ........ em. 


3 
MeéamE'- 2,252... cm, whence p= А1/-........ em. 
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(С) Length (а) of the mercury pellete in the wider tube. 
iz sda РВ ee etu 


m 
Microscope reading in cm | 
| 
| 


Е 5 Difference Mie of 
elle! Left end of pellet | Right =d pelle! 
No. eft en pelle ght end of pellet (em) И 
ae тт m) 
|м55. | Ver. | Total | M.S. | Ver, | Total 
1 sd "X eT s. E РЫ „= т) 
2 s e» v.. dsx ES 9-1 ЖА em 
3 — wee aue es aS say ee „(= тз) 
4 x sio 254 on 254 255 TES (m) 
5 d ек 5 185 iss | di e .-(--т,) 
duci o s] ^& Ie le лел ee 


vit 


| ime of descent of the pellet mM 
v= 
5 (cm?/sec) 


from A to B—t, in sec 


Mean 


ш, 


(Е) From ( + - mg) graph: є=........ dynes/.m?. 
. ТИБЫ > Е Jt 
x ri ( Á ) 
дәй ап= Т NRI: poise 
(m) 
A. RUD 
MS SI unit. 
Result. =... БТ лайы... ЗЕ. 


Precautions. (i) The tubes must be cleaned and dried. (ii) As the 
radius of the cap. tube occurs in fourth power, the radius should 
be measured very carefully. (iii) The time of descent of the pellet 
should be noted carefully by an accurate stop-watch. 
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SURFACE TENSION 


EXPERIMENT 20. Determination of surface tension of water by rise 
іп a capillary tube. 


Apparatus. Glass tubes, glass trough, glass plate, needle, cathe- 
tometer microscope, micrometer scale, thermometer, plumb line. 


Description of the apparatus : CATHETOMETER MICROSCOPE. It consists 
of а metal tube A fixed on а heavy metal frame provided with three 
levelling screws Гл, Le, L3. Another tube B passes into the tube A 


(Fig. 1.37) 


scale. The microscope can also be ro 
that it can be made to point in any di 


The microscope M is mounted 
horizontally on the pillar 5 
having triangular cross-section, 
which can be raised up or 
lowered down by turning the 
milled head screw D. The 
pillar hasa scale S engraved on 
it which moves by the side of 
the vernier V fixed to the tube 
В. Е is another milled head 
by which the microscope can 
be moved forward or back- 
ward. The tube B can also be 
pulled out of the tube А and can 
be fixed at any required height 
byclamping the'screw С.А spirit 
level Lis mounted on the top 
ofthe microscope with its one 
end fixed, while its other end 
can be slightly raised by means 
of adjusting nuts. E and O are 
the eye-piece and objective of 
the microscope respectively. E 
is provided with cross-wires or 
а scale which facilitates the 
measurement of small objects. 
To know the actual length, 
the cye-piece scale has to be 
calibrated with a micrometer 
tated about a vertical axis so 
rection. The magnification of 
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the microscope can be altered by changing the tube length. The 
cathetometer is used for measuring vertical height. 


Theory. The weight of the column of liquid below the meniscus 
in the capillary tube is supported by the upward forces of surface 
tension acting around the circumference of the circle of contact. 
That is, 2xr7=mnr*hPg. With very fine capillary tubes, the meniscus 
surface may be considered to be hemispherical and the weight of 
liquid above the lowest point of the meniscus is 


(nr — §nr®)pg = fnrspg. 
Hence, 2nrT = nr?h Pg +3 nr? Pg 


or T-iPgr (+). 


where 7=surface tension of the liquid, in dynes/cm, 
r=radius of the capillary tube at the liquid meniscus, in cm, 
h=height of the liquid column in the cap. tube above the 
free surface of liquid in the trough, in cm, 
р = density of the liquid, in gm/cc 
and, g=acceleration due to gravity, in cm/sec?. 


Procedure. (i) Takea few glass tubes (preferably soft quill-glass 
tubing), each of about 0:8 ст bore and 15 cm long. Clean the 
glass tubes by washing them first with dil. caustic soda, then with dil. 
nitric acid and finally with a stream oftap water (not distilled water). 
Dry the tubes by passing hot air in them (preferably with alcohol or 
ether) Similarly clean the inside of the trough. 

(ii) Place the middle part of the tube over the hottest part of the 
flame of the gas burner. Heat uniformly a considerable length of 
it in the middle region by rotating it continuously. The tube should 
be held horizontally by both the hands. When the heated portions 
have become soft (indicated by the signs of bending), remove it from 
the flame and pull apart the ends at first slowly, and then more 
quickly till the desired bore of capillary is produced. Immediately 
after drawing, the tube should be kept vertical to avoid bending by 
the action of gravity. The capillary tube would be wide or narrow 
according as the pull is slow or quick. From the central portion cut 
out a piece about 10 cm long. Draw a few more (at least five) 
capillary tubes. The bore should be uniform. The bore should be 
about ] mm in diameter. 


' (їн) Take a clean glass plate (3 cm x 8 em approx.) and fix the 
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cap. tubes with soft wax so that they are parallel and project equally 
on one side of the plate. The distance of separation between two 
neighbouring tubes should be nearly 1 cm. Next fix a needle (about 
5 cm long) so that its one ead projects a little less (2 to 3 cm) than 
the projected ends of the tubes. The needle should not be fixed very 
close to the tube so that capillary action between the needle and its 
adjacent tube may not arise. 


(iv) Fill the clean trough with fresh tap water. Next clamp the 
glass plate over the 
surface of water in 
the trough so that 
the tubes and needle 
are vertical. Test 
this with a plumb 
line. Adjust the 
height so that the 
lower tip of the 
needle just touches 
the water surface 
(test it by seeing 
the reflection of 
needle in water) 
and the lower ends 
ЕЕЕ т of the tubes are 

927 wellimmersed in the 
Wath water. The water 
НТ auia Raise the trough about 1 cm and 
т ий to wet the inside of each tube above the 
lowering the trough Tie hs angle of contact equal to zero. After 
to its original posi ; | the meniscus in the tube does not come back 

ginal position, the tube is dirty and should be rejected. 


will rise in the capillary tubes. 


(v) Place a cathetometer microsco 
ар ре close to the tube 
ТАСА Та. See оа them. Level the cathetometer to nabs is Hed 
Rotate АРА th | р, ЫШ and focus the microscope on it 
to the eye-piece scal ў is ide the image of the thread is агае! 
make the vertical с Bh = н ть swi 
ross-wire parallel to the image of the зе) © 


(vi) Now focus the micr ub 
4 оѕсоре оп the wat і fi 

я : | ater level in th 
and adjust the height so that any eye-piece scale division a "i cud 
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to the lowest point of the meniscus (or the horizontal cross-wire is 
tangential to the lowest point of the meniscus). Read the position 
of the zero of the vernier over the vertical scale of the microscope. 
Similarly take readings corresponding to the lowest points of the 

+ meniscus in the second, third, etc. tubes. Remember that the same 
eye-piece scale division should be tangential to the lowest point of 
meniscus in each tube. Next adjust the microsope on the upper tip 
of the needle. The same eyc-piece scale division should be tangential 
to the upper tip of the needle. Read the position of the zero of the 
vernier over the vertical scale of the microscope. Find out the 
difference x between the readings of the needle’s upper tip and 
bottom of the meniscus in each tube. If / be the length of the needle 
then the height of the meniscus is given by, A=/4x(+ve or— ve sign 
should be taken according as the upper tip of the needle is below ог 
above the meniscus). 

(vii) By means of ink-dot on the outer surface, mark the position 
of the bottom of meniscus in each tube. Remove the water trough 
and then measure the length of the. needle /. ‘ 

(viii) Remove each tube and cut* it at the mark by a sharp file or 
better by a fine grained sand paper. Fix it horizontally in a stand 
so that the cut end is directed towards the microscope. Measure the 
diameter of the bore on the eye-piece scale} along two mutually 
perpendicular directions. Repeat the process with the other tubes 
also. 

(ix) Take a micrometer scale and mount iton a suitable stand. 
The micrometer scale consists of a rectangular glass plate at the 
centre of which a length usually 1 mm long is divided into 100 equal 
parts. Hence the divisions are not visible by naked eye. Illuminate 
it with an etectric lamp placed on one side of it but not directly 
behind it. Focus the microscope on the scale avoiding parallax and 
by comparison determine the value of 1 division of the eye-piece 
scale. Take three readings and find the mean. Then convert the 
readings of the diameters in cm. [lf the microscope provided with 
cross-wires is employed, omit this operation.] 


(x) Note down the temperature of water in trough and. find out 


*Under no circumstance should the tube be broken by bending, otherwise 


the fracture will be uneven. 
+ or directly on vertical scale by setting the crosswire tangential to the 


inner boundary line of the section. 
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the density of water (P) at that temperature from a book of ыы 
(For other liquids Р has to be determined separately with a specific 


gravity bottle.) 
. rg $ 
(xi) Plot a graph taking г, in cm along x-axis and (n+ 5). in 


cm along y-axis (fig. 1.39). This will be a rectangular hyperbola. 


Observations and Calculations 
Enter thus— 
(А) Temperature of water. 


Initial temperature of water, 19С-.......... °C. 
Final temperature of water, ge Cane. isha tie °С. 


Mean temperature of water during eXperiment, 


C= mach. =27°C. 


(B) Density of water at 27°C (t°C), p=0:9964 gm/cc. 
(C) Readings for the determination of the length of the needle. 


1 main scale division of the microscope = 


4....... cm. 
++. -Vernier divisions coincide with... .main scale divisions. 
4. 1 ver. divn.=....cm. 
^. Least count=1M.S.—1 Е она ст. 
ее eae ee 
Reading of lower tip Reading of upper ti 
Ше of needle of needle Р 
о 
obs, | 
| M.S. | Ver. Total | M.S. | Ver, Total 
| in cm in cm | in cm in cm 


w 
со 
N 


— 
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(D) Readings for the determination of h 


о 


Reading of upper tip Reading of bottom of 
1 of needle meniscus Height 
Difference | іп cm 
Tube in cm of the 
no. | M.S. | Ver. | Total | M.S. | Ver. | Total |=*=A~B) meniscus 
in cm in cm | in cm in cm —h-lkx 
| (4) (В) 
1 | | 405 226 1:79 614 
2 | 405 433 0:28 8:48 
3 | 4:05 Ў 2:92 1112 
4 | 4:05 1:58 662 
5 | 4:05 1:23 6:97 


(E) Readings for the determination of diameter (2r). 


------------------------------ 


Measurement of diameter (2r) Calibration of eye-piece scale 
[DC as ЕЩЕ 
5 д 4 i | 
Тибе | Diameter іп eye-piece Eye-piece |Micrometer| Value of eye- 
no. scale divisions Value of| scale divi- |scale divi- | piece scale 
a Mean іп sions sions divisions 
mm in mm 


Direct | Cross | Mean 


1 11 11 11 0:451 

2 8 9 8:5 | 0:3485 

3 6 7 65 | 02665 0:041 
4 10 11 11:5 | 0:4305 

5 10 10 10 0:410 


pu queo А Xx o c Fe ur D uu Pr Xi e 
If the eye-piece is provided with cross-wires, use this table : 


2—2 MÀ a 
Reading of lower end Reading of upper end 


Mabel NORE) а Diameter) Mean 
по. | obs. іп ст | шем 
Ms. | Ver. | Total | M.S. | Ver. | Total o 

| in cm in cm |in cm in cm 
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(Е) Calculations. 


|Биггасе tension 


2 ГЕ T= 
Tube| Л r 5 (i xb в 
no. |in cm |in cm (+5) . зра т 
in ` 


іп em sq cm in dynes/cm 


Mean Temp. of 
surface water in 
tension in| °C =19C 
dynes/cm 


1 |641 |0225 | 64175 0 1444 70°52 
2 | 8-48 |:01742| 64858 0:1478 72:18 7092 27°С 
3 (11:12 |:01333|11:1244. 0:1460 72:40 
4 | 6:62 |:02152| 662717 0:1426 69:68 
5 |697 |0205 | 69768 0:1430 69:84 


a ee 
Result. The surface tension of water at 27°С = 70°92 dynes/em 
= 70°92 х 10° N/m. 

Standard value=...... dynés/em=...... N/m. 


Conclusion. The value of (+). ris almost constant. This 


verifies the Jurin’s Law. It is also verified by the nature of the graph 
(Fig. 1.39). 


Precautions. (i) Since the rise of water (liquid) in the cap. tube 
depends on the radius of the tube at which the meniscus stands, the 
radius of the tube should be measured at the meniscus. Asitis difficult 
to cut the tube,exactly at the position of meniscus, the tube should 
be of as uniform bore as possible. (ii) The diameter of the bore 
should be measured very carefully. (iii) The tubes, needle and the 
eye-piece scale should he vertical. (iv) The back-lash error with the 
microscope should be avoided by always rotating the screw in the 
same direction. (v) Since any trace of grease or oil reduces the value 
of surface tension considerably, fresh tap water (and not distilled 
water as it contains traces of grease) should be taken in the trough. 
The уч should not be contaminated by hands orwax. After 
cleaning, avoid touching by hand the inside of the trough, (vi) Since 
the value of surface tension falls with the rise of temperature, the 
latter should be noted and reported with the result, 


Y 
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(Fig. 1.39) 


А Discussion. This is one of the best practical methods of determin- 
ing T of a liquid which wets the walls of the tube, i.e. for which angle 


of contact is zero (e.g. water, aqueous 


ever this method suffers from а number of disadvantages, 
с bore exactly at the meniscus, 


difficulty in measuring the radius of th 
(ii) difficulty in getting capillary tu 


solutions, alcohol etc.). How- 
viz. (0) 


be ofabsolutely uniform bore 


г,іп ст 
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throughout, and (ii) difficulty in avoiding the contamination of 
liquid. 

Note. Travelling microscope also can be employed in place of 
cathetometer microscope. 


ASSOCIATED EXPERIMENTS 
1. Veriy Jurin’s Law 


Hint. Jurin’s law states that the elevation or depression of a 
liquid in a capillary tube is inversely proportional to the radius of 
the tube at the place of contact (meniscus). Hence according to this 


law (+7) should remain constant. So, perform the above 


experiment and show (1+4) a constant. Also draw a graph 


with r as abscissa and (n+ A as ordinate. The graph would be 


found to be a rectangular hyperbola which also verifies the law. 


2. Show how the surface tension of a solution varies with 
concentration. 


Hint. Make the salt solution by dissolving 10 gm of salt in 
200 gm of water. Now perform the above experiment, using this 
solution in place of water (in the trough). Now dissolve every time 
10 gm of salt in the same solution and repeat the above experiment 
for five concentrations. Also determine the density at that tempe- 
rature for each concentration. Then calculate the surface tension 
of each concentration. Now plot a graph taking concentration 
(mass ofsalt dissolved per 100 gm of water) along the x-axis and 
surface tension (dyues/cm) along the y-axis. In fact there is по 
simple relation connecting the variation of surface tension with 
concentration. 


EXPERIMENT 21. Determination of the surface tension of a liquid 
at different temperatures by Jaeger's method. 


Apparatus. Taeger's apparatus, a travelling microscope, specific 
gravity bottle, weight-box, balance, stopper, thermometer. 


E mes 
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Description of the apparatus : JAEGER'S APPARATUS. It is shown 
in fig. 1.40. Two clean glass tube, one 7; of internal diameter about 
12 mm, while the other Т, is a similar tube drawn out to a fine 
capillary, of about 0:2 mm diameter, at its lower end О. Both the 
tubes are introduced vertically through the rubber cork C of the 
vessel V, and their lower ends dip into the experimental liquid taken 
in Рі. To ensure that the lower ends of both. Т) and Te are at the 
same depth d below the liquid level in Vj, scratch marks are made 
on Т, and T; at the same distance 4 from their lower ends. These 
scratch marks are always made to coincide with the liquid surface. 
The vessel V; is kept in a water bath V, whose temperature can be 
changed to make the temperature of liquid in V; to different values. 
The upper part of the vessel V; is connected to a manometer M 
containing a very light liquid (xylol or water) and a mercury suction 
bulb B provided with stop-cock К and a capillary jet J. А wooden 
screen W is kept between V, and М, so that the rest of the apparatus 


may be screened from Vs. 


Theory. И an air 
bubble of radius r be 
formed at a depth d 
inside a liquid of den- 
sity P, then the excess 
pressure p inside the 
bubble over that exis- 
ting at its outer surface 
is given by 

p=2T/r - (1) 
where Т і5 the surface 
tension of liquid at a 
certain temperature. In (Fig. 1.40) 
this arrangement, at- 
mospheric air under a pressure P enters the tube Т; (or Т») due to 
the lowering of pressure on the liquid surface іп Уу by hog from ће] 
atmospheric pressure P. Неге his the maximum difference in the 
levels of manometric liquid of density с, in the two arms of the 
manometer just before the air bubble at the end of Т, (or 7) 


breaks. Hence 


pressure inside the bubble, p,—P 
pressure outside the bubble, ра = Р hog +06. 
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Thus the excess pressure inside the bubble over that existing 
at its outer surface is 
p — pi Ps g(ho — a?) .. (2) 


from which AE = 9-4) we 3 


Tf Ay and h, be the maximum differences in the liquid levels of the 
manometer just before the bubbles break at the ends of tubes T, and 


T, having radii rı and ғ. respectively, then 


Ty 


2T _ g(h,o—do) and 27 =g(ho =d) 
2 


 goryrs( — hy) 
дау. куз (1) 

Тһе сап. (4) тау Бе used to find the surface tension of the liquid 
at its different temperatures. 

Procedure. (i) Determine the specific gravity c of the liquid 
used in the manometer bya specific gravity bottle. If water at room 
temp. is employed as the manomertic liquid then find out the density 
с of water at room temperature from a table. 

(ii) Measure the diameter of the lower ends of the tubes Ті and 
T, by a travelling microscope at several places and at each place 
in two directions at right angles to each other. Then find out the 
mean radii гу and го of tubes T, and 7» respectively. Make two 
scratch marks on T, and 7 at a certain constant distance d (4 or 5 
cm) from their lower ends so that when they should be introduced 
in the liquid these scratch marks should be kept coincident with the 
liquid surface. 


(iii) Fill nearly half the vessel V, with the given liquid and 
introduce a major part of it into the water-bath of V2. Introduce 
the tubes T, and Т, vertically through the rubber cork C at tbe 
mouth of V,, so that the scratch marks on T, and 7: may remain 
coincident with the liquid surface of V1. Introduce a thermometer 
T (reading 0°1°C) in the water of V, to record its temperature. Also 
introduce a stirrer 5 in V, for stirring the water in it. 


whence 


(iv) Close the upper end of tube Tz by a stopper while keep 
open that of T; for the admittance of atomospheric air. Taking 
starting temperature of water in V; as that of room, note down 'the 
temp. from the thermometer after stirring well with the stirrer. 
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(v) Open the stop-cock К by a very small amount so that mercury 
from the bulb B goes out at a slow rate and reduces the air pressure 
on the liquid surface in V, very slowly. This reduction of pressure 
wili be indicsted by the creation of difference of liquid levels in the 
two arms of the manometer, Outer air will now enter in Т, and 
will begin to form a bubble at the end О of the tube T}. As the air 
pressure in В and hence in И, is reduced more and more, the size 
of the bubble as well as the difference of liquid levels in the two 
arms of manometer begin to increase. Constantly observe the liquid 
levels is the two arms of the manometer by a microscope. Just 
before the bubble breaks, liquid level in one arm assumes highest 
position while that in the other arm assumes a lowest position. 
Open the stop-cock К to such an extent that bubbles are formed 
at the rate of one in 10 seconds. Coincide horizontal cross-wire of 
microscope with the highest liquid Jevel in one arm of manometer 
for a number of bubbles and note this highest level from the scale 
5,5, or better from the vernier of the microscope. Similarly coincide 
the horizontal cross-wire with the lowest liquid level in another 
arm of the manometer for a number of bubble and note the reading 
corresponding to this lowest level either from the scale 5,5 or from 
the vernier of the microscope. From these two readings find the 
maximum difference of liquid levels (/,) in the two arms of mano- 
meter when the bubble breaks at the end of 7}. 


(vi) Repeat the operation (v) by closing the upper end of tube 
T, and Keeping open the upper end of Tẹ. Find out the maximum 
difference of the liquid levels (h) in the two arms of manometer for 
the tube 7. Calculate the surface tension (T) at room temperature 
from the relation (4). 


(vii) Repeat operation (v) and (vi) by raising the temperature 
of water in V, to different values by steps of 5°C. At each step, 
maintain the temperature of water in V, constant by manipulating 
the burner and by increasing the capacity of V, so that an appre- 
ciable amount of water may be taken init. | 
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(vii) Now draw graph with the temperature (4) of liquid in °C 
along x-axis and the surface tension (T) of the liquid at that tempe- 
rature in dynes/cm (or N/m) along y-axis. This graph will show the 
variation of surface tension of liquid with temperature. 


Observations and Calculations 


(A) Determination of density (с) of manometric liquid. 


Wt. of clean sp. gr. bottle + water atroom temp. W4— ....gm. 
Wt. of clean sp. gr- bottle--liquid at room temp. Ws ....gm. 


Wt. of dry empty sp. gr. bottle Из = ...-gm. 
. Waz Ws XPp= 3 
, сте —T- =....gm/cm*. 
S | 
Where P; is the density of water at room temp..--- °C. 


(B) Determination of the diameters of the lower ends of Ty and Т, 
by travelling microscope. 
мег. divn.=.-- .M.S. divn. 


Ver. 
Я M.S. Ver. reading | Total | Mean | Mean 
тире No MSS | reading | XL.C. | Gm) | diam. | radius 
1 obs (cm) (cm) | (ст) 


ee 


Ti 


T; 
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(C) Record of temperature and difference of liquid levels т manometer. 


(room 
temp.) 


Depth | Tube| No. of | Constant Constant | Difference | (А, — л) 
of used | bubbles| highest lowest of liquid in 
ends observed| reading reading of | levels in the; cm 
of T, ofliquid | liquid level | two arms 
| and 7, level in in another | of mano- 
(cm) onearmof | arm of | meter for 
manometer | manometer a given 
(cm) (cm) tube 
h=R,—R, 
(cm) 
1 
2 
aeons m 3 
4 lesa | 
5 ».. e constant constant | eee (А) 
(4) 6 wJ Ry 2 ‹ 
1 
Т, 2 
3 
4 A 5 
5 ++. pconstant constant | «+++ (ha) 
6 JR 2 
| 
— T, «Qu eG et) 
(dj) Е м | 999944 
T, LR) ЖӘ) "Jod: (hy) 
etc. etc. etc. etc. etc. - etc etc. 


(D) Temperature-Surface tension relation. 


Density of Radius Radius (I — h) 
TOL р manometic .of T, of T, in cm т=#° (и — ha): 
bath liquid incm incm , 2(r,—r) 
in (o) in (r) (ra) in dynes/cm 
ec gm/cm? 
(room 
temp.) 
(room | 
temp. 
+5°C) 
etc. etc. etc. etc. etc. etc. 
T. P. P.-8 
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(E) Drawing of (t-T) graph. 

Precautions. (i) The tubes Т and Т, should be clean and free from 
traces of grease. (ii) The diameter oftube T, should be measured 
very carefully, otherwise a small error in Из measurement will cause 
a large percentage error in the value of surface tension. (iii) Tempe- 
rature of the -bath should be maintained steady during each set of 
experiment. (v) The apparatus should be airtight and tubes should 


be selected so that their bores at the lower end are circular. 


' Discussions. (i) By employing two tubes, density of liquid (P) 
is eliminated and thereby. the trouble of finding the density of liquid 
at different temperatures is avoided. 


(i) As two tubes are used, it is not essential that the liquid 
surface in the vesel V, should be flat. Hence а smaller container 
may be employed. 


(iii) The maximum difference of levels of liquid in the two arms 
of manometer is independent of the rate of formation of bubble 
provided it is not very rapid. 

(iv) The assumption that the radius of the bubble is equal to 
that of the ends of the tubes is justifiable when the radius of the tube 
is small. 

(v) Greater the value of r, greater will be the percentage error 
in the value of surface tension. Hence to minimise the error in 
the measurement of surface teasion the diameter (274) of the tube Ту 
should be small, say 0:2 mm. 


EXPREIMENT 22. Determination of the surface tension and angle of 

contact for mercury by Quincke's method. 

Apparatus. Sheet of glass plate, three levelling jacks, spirit-level, 
clean dry mercury, lycopodium powder, travelling microscope. 

Theory. Let 0 be the 
angle of contact and а 
the supplement of 6. 

Let GH-h, and 
GD =}. 

Consider a section of 
the drop of width 8/ with 
vertical faces. 

BHI is a horizontal 


(Fig. 1.41) 
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section through B, the point. of maximum curvature (where the 
tangent plane to the drop is vertical). 


Consider first the equilibrium of the horizontal faces on the 
portion of the drop above the section through B. The pull of sur- 
face tension inwards balance the hydrostatic thrust on the area 
FGHI, 


h 


4 е 1 LT 
1.е., Tél = gps] h.dh=gpél >; 
“0 
„ йор И SPY 
2. T=gp 2 (1) 


Consider now the equilibrium of the whole slab, the inward forces 


due to surface tension balance the outward hydrostatic thrust on 
the area DEFG, 


h 
. x 
i.e. Tél +Tél cos а= gpl \ E h.dh 2 2051 x 
0 
T(1— cos0) = gp A .. (2), since cos а= —cos Ө. 


Note that in both cases above the forces over the front and 
back faces of the slab are, from symmetry, equal and opposite. 
From (1) and (2), we get 


Ваз. ha? 


= = =1- “23% 
1—cos 0 DE or  cos0-l he (3) 


Procedure. (i) Clean and dry the glass plate, Place it on the 
‘three levelling jacks and arrange it horizontal by means of the spirit- 


level. Now place mercury on the glass plate so as to form a large 
circular drop. 


К SLIDE АТ 45° Гаа 
aie: 
MICROSCOPE | 9089 
| Е 
TENS о UGHT N LEVELLING 


SOURCE JACKS 
(Fig. 1.42) 
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(ii) Scatter some lycopodium powder on the top of the met- 
cury drop. Now focus the cross-wires of the travelling microscope on 
the upper surface (i.e. lycopodium powder) (А) of the drop and note 
the reading of the microscope. Then focus the cross-wires of the 
microscope on the lower surface (C) of the drop and note the reading 
of the microscope. The difference ofthese two readings will give 
the thickness (Л) of the drop. 

Repeat the operation (ii) three times. 

(11) Now place а microscope slide (glass plate) at 45° in front 
of the objective of the microscope and illuminate the slide by a 
lamp (light source) at 90? with the line of vision (fig. 1.42). Now 
focus the cross-wires of the microscope on the maximuni curvature 
part (B) of the drop. On focussing the microscope a thin bright 
horizontal line is seen at В. Adjust the microscope untilthis bright 
horizontal line coincides with the horizontal cross-wire ofthe eye- 
piece and note the reading of the microscope. The difference of the 
first reading in (ii) and this reading will give the depth of the point 
of maximum curvature (Л) below the upper surface of the drop. 

Repeat the operation (iii) thrice. 


Observations and Calculations 


Density of mercury P 
of the microscope = . 


—13:6 gm/cm?, g —980 cm/sec?. Least count 
сп. 


Set Mercury drop Microscope reading h,= | h= | Mean Mean 
No. | focussed by d~d, |dy~dy| № ly 
microscope for | | а 
the portion M.S. Ver. reading | Total (cm) | (ст) | (ст) (cm) 
х 
L.C. 
(cm) (cm) 
CAM 
1. Upper surface | «e | 0 een 
1 2. Lower surface | .. | --- 5 
3. Most protrud- 
ing point |... | ese 
: | 
eal "ү: LLa 
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T=g? ES sae dynes/cm = ....Nm?. 
cos 0-1 h? _ . 0= degree, 
50=1— hi. senesi $ 9% =....degree. 
Result. Surface tension Т of mercury — ...... Nm, 
Angle of contact Ө=...... degree. 


Precautions. (i) The glass plate should be clean and dry. (ii) The 
glass plate should be horizontal. (iii) The reading for the most 
protruding part of the mercury drop should be taken very 
carefully. 


EXPERIMENT 23. Determination of surface tension of soap solution 
from measurements of bubbles. 


Apparatus. U-tube apparatus, travelling microscope, glycerine 
soap, watch glass, thermometer. 


Description of the apparatus. U-TUBE APPARATUs. This consists 
of a fairly wide U-tube, containing Water, sealed to а T-piece, T. 
One arm of the T-piece is bent at right angles and terminates at 
B, where АВ is parallel to the U-tube limbs (fig. 1.43). To the 
other arm at C is attached a piece of rubbertube, R, having а glass 
rod, P, which just fits it, and which can act as a piston. 


Theory. The excess prerssure (P) 
inside a soap-bubble of radius (r) 
is given by 


=, әл: (1); 
{з 


where T is the surface'tension of 
the soap-solution4d 
Procedure; (i) Withdraw the 

piston P and immerse the end B (Fig. 1.43) 

inthe soap-solutioa taken in the 

swatch-glass. Then advance P slightly, causing a bubble to form at 

B. Drain the excess of soap-solution off this bubble by touching 

the drop at the bottom with а pencil, or with the side ofthe watch 
| glass. Further advance the rod (piston) so that a bubble of, say, 
1 0:2 cm diameter is b'own. It wi'l be noticed that the water in 
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the U-tube takes up a position as in the fig. 1.43 indicating a pres- 
sure inside the bubble excess of the atmospheric pressure. 

(ii) Measure this difference in level (// using a travelling micro- 
scope and noting the readings of vernier of the vertical scale. 

(iii) Then move the microscope until the bubble is focussed. 
Bring first the image of one side, and then the other, into coincidence 
with the vertical cross-wire of the eye-piece and: note for both the 
readings of vernier of the horizontal scale. The difference in readings 
will give the diameter (d) of the bubble. Then r = 4/2. 

(iv) Calculate the excess pressure p using p=/g dynes/cm? for 
a water manometer. Also calculate T using the relation (1). 

(V) Repeat the experiment for bubble of different radii and 
obtain the mean of T. 


Observations and Calculations 
Temperature of the soap-solution=...... °С. 


(А) Least count of the microscope for the vertical scale— ....cm. 
Least count of the microscope for the horizontal 


scale- ....cm. 


(B) To obtain difference in level (h). 


Microscope reading Microscope reading 
for the bottom of for the bottom of 


the meniscus in the the meniscus in the 
Serial left limb right limb Diffe- Excess 
no. rence pressure 
of =h p-hg 
bubble | M.S.| Ver. | Total M.S. | Ver. | Tota! (cm) (dynes/ 
(cm) | reading | (cm) | (cm) | reading | (cm) cm?) 
X L.C. X L.C. 
(cm) (cm) 
1 “ 
2 


A+ 


ee ——<—<—- ST 
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(C) To obtain radius of the bubble (г). 
L nr ann tee 


Serial | Microscope reading Microscope reading 
no. for the left side of | for the right side of | Diffe- 
of the bubble the bubble rence h 
bubble = [Radius | Т= 287. 
"+ dimeter,| r=d/2 4 
M.S. | Ver. | Total] M.S.| Ver. | Total d (cm) | (dyne/ 
(cm) | reading | (cm) | (cm) | reading | (cm) (cm) cm) 
XL.C. XL.C. 
(cm) (cm) 
1 РЯ 
2 
3 
Mean Т=...... dynes/cm=...... N/m. 
Result? T= diaa Nima! ав, д ло. °С. 
Precautions. (i) Аз the value of / is small, it should be measured 


very carefully.) (ii) Bubbles of small radii should be blown. If the 
radii are large, excess pressure will be small and cannot be measured 
correctly. (iii) Radii of the bubbles should be measured very 
carefully. 


Note. Excess pressure p = йер; may be used for better accuracy 
where Р; is the density of water at room temperature. 


oon 
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and M, on the table in front of the scratch marks P and О гезрес- 
tively, such that they can be moved parallel to the axis of tte metal 
tube. Level them properly and then focus the microscopes on each 
scratch mark on the metal tube and make the interesection of the 
cross-wires coincicent with one edge of scratch. See that there is no 
parallax between the cross-wires and the image of the mark. Take 
the readings of both the microscopes in this position and repeat the 
operation five times. To avoid the back-lash error, the microscopes 
should be moved outwards each time while setting the cross-wires on 
the mark. Now, note the readings of the thermometer Т, and 7». 
The mean of their values is taken as the initial temperature (/,?C). 


(v) Place the burners below the boilers, and see that arrange- 
ment is not disturbed. Allow the steam to enter through both the 
side tubes P, and P; into the metal tube. The heating of the tube 
increases its length. The scratch marks are displaced outward from 
their positions. When the readings cf both the thermometers are 
constant at least for ten minutes, record them. The mean of the two 
readings is the final temp. „°С. Now, move microscope tube at 
one end outward and see that the image of the same edge of the scratch 
mark is coinciding with the intersection of cross-wires again. Do 
the same thing at the other end. The difference between the final 
and the initial readings of the microscope at each end will give the 
increase at that end. The total increase will be the sum of the incre- 
ments at two ends, 


, @%) Record the readings as shown below and hence, calculate the 
mean co-eflicient of linear expansion of the material of the tube. 
Observations and Calculations 


Metal of the rod 


(А) Determination of the length of the rod. 
1=(1) 1001+ (ii) 100:1-- (iti) 100:1:-100:1 cm. 
(B) Determination of the Least counts of microscopes. 
(i) Left-hand microscope (ii) Right-hand microscope 
Smallest horizontal scale Smallest horizontal 


division=1 mm. scale division=4} mm. 
20 v. 4. = 19 m. s. d, 50 у. 4. =49 m. s. d 


—s wu 
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"L.C. = S. d. — зі; cm. и. Г.С. = 88.0. = іу mm. 
. = 1005 Cm. 
. L.C.=0°005 cm. 4^ L.C.= 0'001 cm. 
(C) Initial temp.=....°C; Final temp.=....°C. 
(D) Readings of the screw marks. 
One End 
Left end Reading Right end Reading 
No. Diff. | Mean: 
or Main | Ver- | Ver.x | Total] Main | Ver- | Ver.x | Total] (em) 
obs. | scale | nier | L.C. | (cm)| scale | nier | L.C. | (cm) (cm) 
(cm) (cm) (cm) (cm) 


Other End 


eonenn n5 
Right end Reading Left end Reading 
Po: Diff. | Mean 
S Main | Ver- | Ver.X | Total| Main | Ver- | Ver.X | Total} (cm) | Ха 
obs. | scale | nier | LC. |(cm)| scale | nier | L.C. | (cm) (cm) 


(cm) (cm) (cm) (cm) 


[J | |——4|-—— 


Total elongation =x,+x,=X=(/,—/,) cm 


Result. a=....per °C. 
Standard value=......per °C. 
% оїеггог=........... " 


Precautions. (i) See that the water is sufficient in the boiler. 
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(ii) In order to avoid back-lash error the microscope should 
always be made to move outwards in setting the cross-wires on the 


scratch. 


(iii) Take care that the arrangement is not disturbed in any way 
after taking the initial reading of the microscope and allowing the 
steam to pass into the metal tube. 


(iv) The rubber tube used to connect the boiler with side tubes 
P, and P, should be small so that condensation of steam may be 


small. 


(v) The inlet pipes should be. so connected that they gradually 
slope down from the boiler to the inlet ends. 


(vi) In such laboratories where travelling microscopes are not 
available, use should be made of microscopes having micrometer 
scales in eye-piece in place of travelling microscope. 


CO-EFFICIENT OF CUBICAL EXPANSION OF 


LIQUIDS 


EXPERIMENT. 2. Determination of the co-efficient of expansion 


of a liquid by weight (hermometer. 


Apparatus. Weight thermometer, (glycerine, aniline etc.), wire 
gauge, copper vessel, porcelain basin, ordinary thermometer, clamp, 
stand, balance, weight-box, burner. 


Description of the apparatus: WEIGHT THERMOMETER. The wt. 
thermometer consists of spherical or cylindrical glass bulb, having a 
narrow neck drawn out at one end into a fine capillary with thick 


(Fig. 2.2) 


walls and generally bent twice so 
that its open end projects in a down- 
ward direction. · Саге is taken to see 
that the thickness of wall of the 
thermometer is uniform everywhere 
during the process of preparing it. 
If the bottom of the thermometer is 
thick due to collection of glass, there 
is probability of the bulb to crack 
while filling it with a liquid. The 
bulb is completely filled by the 
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process of alternate heating and cooling method as done in the case of 
preparing a mercury thermometer. The experimenter has to take 
special care in handling this apparatus otherwise the capillary tube: 
may break and lead to collapse of the experiment. 

Theory. Let m, and m, be the masses of the given liquid which 
fill the wt. thermometer completely at temperatures ҚОС and °С 
respectively. 


Let d, and 4, be the densities of the said liquid at temperatures. 
°С and tC respectively and у, and у, their volumes at the tempe- 


-4 ratures °С and /,С? 
If y, be co-efficient of real expansion of liquid, and g the co- 
efficient of cubical expansion of vessel, then 
т. vd: _ vıda{ 1 +Yr(t2— Һ)) 
m. Vda +8 (f2—t)) 
o: т. 1d (5 — 13) 
ma БЕСЕ) 
ог ть тә - п)= т+т(- t1) 
ог тетт — 1) = mi "Та --mig(ts— ty) 
J Lm-m,. m 
Ж Y actio me 
Thus the co-efficient of real expansion of liquid can be calculated 
if the co-efficient of expansion of vessels is known. 
| The quantity 77 ША RS Eqn. (1) is very nearly equal.to unity and g is 


small compared to Yr. 


B M LO 


Тұл 


TEA is vui: 


mass expelled 


ie. Y= TDI > 
mass remaining X rise of temp. 


+ coefficient of cubical exp- 


ansion of vessel ie 
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Procedure. (i) Prepare a 
wt. thermometer carefully 
and weigh it to the nearest 
milligram when it is clean, 
dry and empty. Let m be 
the mass of empty wt. ther- 
mometer. Then place it in 
а wire cage and suspend it 
from a ring R clamped to a 
stand S. 


Take a porcelain crucible 
or basin and pour some 
experimental liquid, like ani- 

(Fig. 2.3) line or glycerine init, Now 

place it on a tripod stand 

of such a height that the end of the wt. thermometer may dip into 
the liquid. Now heat slowly the liquid and bulb both with bunsen 
flame. Some air is expelled from the bulb and if the burner below 


the bulb is removed, the bulb would consequently get cooled asa 
result of which some hot liquid from basin would flow into the bulb. 
Again heat the bulb and by the repeated heating and cooling process 
fill the bulb completely with the experimental liquid. 


'(ii) Allow the liquid ín the wt. thermometer to cool down to the 
Toom temp. with its capillary end dipping into the experimental 
liquid. Fill the copper vessel B with water at room temperature such 
that the whole of the bulb and a part of its stem may be completely 
immersed. This would serve the purpose of bath. Place a stirrer in 
water bath. 


(iii) Suspend a mercury glass thermometer in the bath near the 
bulb G. The temp. of the bath would initially appear to be slightly 
less than the room temp. Hence, increase the temperature of the 
bath slightly above the room temperature. Stir the bath constantly 
and keep the temperatureof the bath stationary for at least five 


d 
ninutes by alternately placing the bunsen flame below the bath an 
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removing it. The thermometer T records the steady temperature 
1,?C of the bath. 

(iv) The bulb С is now taken out of the water bath by holding 
it by the suspension wire (the neck N being no longer in the liquid 
of vessel B) and any water on the outer surface should be wiped out 
by a clean cloth or blotting paper. Weigh it carefully again. Let 
у be the total mass. The difference between this mass (w1) and ` 
the mass of empty bulb (w) gives the mass m, of the liquid filling 
the bulb at room temperature 4,?C. After removing the bulb G from 
the bath, hold it away at the neck otherwise the heat from the body 
may heatit and consequently liquid may come out 


(v) Again, place the bulb in the wire cage and iatroduce it in the 
water bath of vessel B as previously done. Raise the temperature 
of water bath to a definite temperature (°С which should be nearly 
12°C above the temperature 4,?C. Keep this temperature tc 
stationary at least for five minutes by placing or removing the burner 
below the bath as discussed above. Record this stationary tempera- 
ture, take out the bulb G by holding it by suspension wire and allow 
it to cool to the room temperature. Wipe out any liquid adhering 
to the surface of G by blotting paper or clean cloth. When it has 
cooled to room temperature weigh it again. Let we be the total 
mass. Hence, the difference between this mass ws and mass of the 
empty bulb (w) gives the mass т. of the liquid filling the tube at the 
temperature „°С. 

(vi) Continue taking observations in steps of nearly 12°С until 
the water in the bath boils. 

(vii) If one is desirous of recording some observation below the 
тоот temperature, he should add someice to the bath and keep it 
constant at a definite temperature {°С by adding some small piece 
of ice if required. When the steady temp. of bath is achieved, the 
crucible containing the liquid should be replaced by a weighed empty 
crucible. Remove the bulb G from the bath В. It will be seen that 
some of the liquid comes into the weighed crucible. Now, the mass 
of liquid filling the bulb at °С is calculated by weighing the liquid 
and the crucible together. 
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(vii) Tabulate the readings in the tabular form and calculate 
the mean co-efficient of the expansion of liquid 7 by the equation 3. 
Then, plot a graph between temperature along the x-axis and Y along 
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the y-axis (see fig. 2.4). The graph will indicate the variation of 


the co-efficient of expansion wit! emperature. 


рии 
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Observations And Calculations 
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| 
Mean  |Mass of Mass of 
No. |Mass of | temp. j|bulb+ bulb- } Co-efficient of 
of | empty |Temp.|Temp. tt, [Pass of mass of | g/°C expansion 
obs.) bulb | лос | 7,°C | = | liquid | liquid y: 9€ 
2 at 4°C | at 4.°C 
| | | | 
1 2511! 319С 402 | 356 | $1136 | 8:0706 | 000025 86:57X 10-5 
2 251 402.497, 4495 | 80706 | 8:0265 | "000025 | 8664Х 10-5 
3 252 | 49%7| 595 | 546 | 80265 | 79811 | "000025| 87:20 10-5 
4 2:51 70°1 80-3 752 | 779342 | T8856 | “000025! 91°13x 10-5 
5 251 | 803 | 90:3 | 853 7:8856 | 78351 |:000025| 97:36x 10-5 


————— À——Ó———É—  — 

Precautions, (i) Аза part of the stem of the bulb projects above 

the bath the temperature of the projecting stem will be below that of 

the bath and hence, some error would be introduced in the result, 

So, immerse as much of the bulb and stem in the water bath as 
possible. 


(ii) Weighing should be done only when the bulb with liquid has 
acquired the room-temperature. Preferably, weighing should be done 
by method of oscillation. 

(111) One should be careful particularly in handling the wt. ther- 
mometer as the capillary tube may break and lead to collapse ofthe 
experiment. 

(iv) Do not suspend the bulb by thread with which water of diffe- 
rent amount at different temperature may stick and cause a charge 
in weight. Hence, suspend the bulb by a bare thin wire. 

(v) While using water as experimentalliquid, immerse wt. ther- 
mometer in bath maintained at temperatures of 60°C or 65°C by 
thermostatic arrangement in order that the evaporation of water 
filling the wt. thermometer may be prevented. The wt. thermometer 
to be used should be preferably of а larger size so that the liquid 
expelled may be appreciable. 


(vi) Weighing should be performed with a good balance as the 
accuracy of result would depend on the mass of liquid expelled and 
the mass remaining in the wt. thermometer. 


Note. 


The preparation of a weight thermometer requires the following 
three steps, viz., 
TOP. РГӘ 


How to prepare a Weight Thermometer. 
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(i) Closing the end of the tube. For this purpose, hold the end of 
a glass tube in a blow pipe flame. When the glass edge softens, push 
its walls together. with а piece of waste-glass. Now heat the tube 
beyond this portion (the end) keeping the glass piece adhered to it. 
Rotate the tube and give, while heating, a little strain outwards on 
the glass piece fixed on the end when a narrow neck will be formed; 
keeping the heating continued, the neck is gradully closed. Now 
take out the glass end piece when the tube will be closed but the 
closed end will be of conical shape. Heat it strongly and taking it 
out of the flame, blow gently into the tube. 

(ii) Blowing the glass bulb. This is successfully done by (a) 
heating the heavy mass of soft glass to a uniform temperature in the 
flame and by (b) managing for symmetrical air cooling after taking 
it outside the flame. 


For this purpose, hold the tube,in the flame, with its closed 
end slightly higher than the open end, and heat a further length of 
the tube. When the glass thickens and the bore is reduced to about 
half, heat a further length of the tube, rotating it all the time. Now, 
remove it from the flame and lightly blow into it. Again, put it in 
the flame, heat a further length and again blow. By this method of 
alternate heating and blowing, obtain a pear-shaped mass of glass. 
Now, heat this pear-shaped collected mass of glass to red hot. Next 
remove the tube from the flame, rotate it fora few seconds slowly 
and then blow in it first gently and then strongly as the glass 
solidifies. While blowing, keep the tube,in continuous slow rotation, 
in the vertical position with the hot end downwards; the tube may 
show a tendency to bulge outwards. In that case hold the tube 
horizontally with the bulge turned downwards when the bulb of uni- 
form thickness will result. In case, it is not of uniform thickness and 
of regular shape, put it in the flame supplying the gas fully when its 
size will reduce. When it collapses try to blow the bulb again. 

(iii) Drawing capillary neck. Allow the bulb to cool and when 
it has cooled, heat near the neck of the bulb and draw a capillary. 
Bend the capillary twice at about right angles my means of lighted 
match-stick. 


ASSOCIATED EXPERIMENTS 


1. Use a specific gravity bottle to determine the co-efficient of 
cubical expansion of the liquid. 
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Hint, Cleanand dry the specific gravity bottle, as explained 
earlier, and weigh it. 


Fill the bottle completely with the liquid given. Put it in the 
wire cage suspended by means of wire froma clamp fixed to a stand. 
Immerse the bottle up to its neck in water bath maintained at a 
temperature slightly above the room temperature. 


Now repeat the procedure described in the experiment for the de- 
termination of co-efficient of expansion of liquid by weight thermo- 
meter and enter the result in the table as instructed therein. Finally 


draw a curve showing the variation of co-efficient of expansion with 
temperature. 


While working at temperatures above room temperature, every 
weighing should be made after wiping off the sides carefully and 
allowing it to cool. Onthe other hand, while workingat temperatures 
below room temperature, some more liquid would be required and 
that should be introduced in the bottle through jet drawn at one end 
of the glass tube. 


EXPERIMENT 3. To determine the co-efficient of cubical expansion 


of a liquid at different temperatures using a glass 
bulb sinker. 


Apparatus. А glass sinker, balance, weight-box, thermometer, 
beaker, wooden bridge, heating and cooling arrangement, suspension 
arrangement for the sinker. 


Description : GLASS SINKER: It consists of a completely closed 
glass bulb spherical or in cylindrical shape having a neck drawn out 
into a nozzle and formed into a hook аз 
shown іп the fig. 2.5. It can be easily suspended 
with the help of a fine silk fibre or horse hair 
or a very thin copper wire tied to its hook. 
Either some lead shots or some mercury is 
placed inside it to make it heavy so that it can 
sink ordinarily in water or a liquid. 

Theory. According to Archemedes Principle, 
when a body is completely or partially imme- 
rsed ina liquid it loses a part of its wt. and 
this apparent loss in wt. of body is equal to 


the wt. of liquid displaced. 
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Let the true wt. of glass sinker in air be w (neglecting the buoy- 
ancy of air) 


wt. , » іп Паша be м, at °С 
wt. , » » іп liquid be we at tC where fe >t. 
Loss іп wt. of sinker at 4,°C=(w—wy,) se (1 
» лы, ыт әлү fa Gi (W — Wa) e (2); 
Let Vic cbe the volume of glass sinker at the room temp. tC, 
and 
Vc c be the volume of glass-sinker at the temp. “oe 
Hence the volume of liquid displaced at temp. 11°СЕЙ, с cand 
the volume of liquid displaced at the temp. f,°C = Из сс. . 
Let d, be the density of liquid at 1,°C, 4, be the density of liquid 
at °С. 
Wt. of liquid displaced at t?C— Vid, = (w—w;) v x): 
„в Co Voda (w— We) .. (4), 


” ” ” » 
Dividing (3) by (4), 


Vid, w—w; _ Vydo{1+%(te—ty)} 
Ий, и-и Vyde{1+g(te—ts)} 


BEER UD) 

1+g(te—t) ° 
where g is the co-efficient of cubical expansion of gases, and ү, 
is the co-efficient of real expansion of liquid. 


{w—wy}{1 teltat) = (ии) + (s — 1) 

Qu — Wa) Qv — Wa) ete — t) = (ө — wi) -Qv — wa)g(fa — th) 

(W— We) (22 — t1) =(w— Wy —w + We) + (W — wx)g(ta — t1) 
= (We — ил) (0 —w;)g(t;—11) 


Wa —Wi w—w. 
et T, 
= (м- и) (1—1) W—Wa O, 
—и 
As the quantity = i of Eq. (5) is very nearly equal to unity and 


is small Aroni: to Y,, hence 


Wa —Wi 


Wows Wa ime 
(э —») (=). 


(6). 
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In order to determine the apparent co-efficient of expansion of 
liquid the co-efficient of glass g can be dropped, 


ж. Wo— Wy 

so that Ya ECEN «s (I): 

Procedure. , (i) Place a wooden bridge across the left pan of the 
balance so that it may not touch the pan or the frame of the pan. On 
this bridge place a beaker filled nearly three-fourths with experimental 
liquid. Let the glass-sinker be immersed wholly without touching any 
portion of beaker in liquid. The level of liquid in beaker should 
be such that the sinker may not come out when the beam is raised. 
Insert the bulb of a thermometer of suitable length in the experi- 
mental liquid in the beaker. 


(ii) Note the temperature of liquid 1,9С stirring it well. 


(iii) Place weights on the right pan to restore the equilibrium and 
note the wt. и; of the sinker when it is completely immersed in the 
liquid at 4°C. 


(iv) Remove the beaker with experimental liquid from inside 
the balance case. Heat the liquid in beaker till its temp. is about 
50°С. In this case the temp. of the liquid should not be raised more 
than nearly 25°C above the room temp. as the convection current 
would be too heavy and the balance would be disturbed. Then 
quickly, place the beaker again on the bridge carefully. Determine 
its weight w and note the temp. f.°C of liquid at the moment when 
the balance is restored. 

Tt is difficult to maintain the temp. of the liquid constant while 
weighing the sinker immersed in liquid by usual method. For the 
sake of convenience adjust the weights on the pan so that the sinker 
is found to be just a little heavier. (As the temp. is falling, density 
of liquid would increase, thereby the upward thrust would increase. 
Hence loss in wt. would increase.) 


Consequently, after a few seconds the pointer of the balance 
passes through the zero position. Note the temp. say /,?C just at 
this moment. Thus, the weights on the scale pan give the wt. of the 
sinker at that temp. tC. 


(v) The temp. ofthe liquid will continue to fall. Wait till the 
temp. of the liquid has fallen about by 3°С nearly below the temp, 
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tC. Reduce some weights on the pan and adjust the balance 50 
that the sinker is again found to be a little heavier. After a few 
seconds, the pointer of the balance passes through the zero position. 
Note the temp. tC of the liquid just at this moment when the poin- 
ter passes through zero position. Thus, the weights on the scale pan 
give the wt. of the sinker at temp. #3°С. See that thé temp. t,?C is 
preferably 5°C below tC. 

(vi) Go on taking readings at the interval of 5°C (proceeding as 
in operation 4 or 5) till room temperature is attained. 


(vi) For taking some readings at the temperature below the room 
temp. add someice to the bath not to the liquid if it is not water, till 
the temp. of liquid has lowered by about 5°C. Adjust the weights 
on the right pan till the sinker is found to be a bit lighter. Аз the 
temperature goes on raising, after a few seconds, the pointer of 
the balance passes through the zero position. Note the temperature 
of the liquid just at this moment. Thus, the weights on the scale 
give the wt. of sinker at that temp. As the temperature rises slowly 
the wt. of sinker at different temperatures canbe found ina way as 
described above. Tabulate the readings as shown in the table. 


Tabulate the result and calculate 7, taking the value of д, the 
co-efficient of cubical expansion of glass to be 0:000025. 


Plot the variation of y, (y-axis) with temp. (x-axis) on the graph 
paper. } 


ЖЖ 
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Precautions. (i) With the help of a small camel hair brush, 
remove all the air bubbles sticking to the wall of sinker. Liquid, 
to be free from air dissolved in, should be preferably boiled and then 


cooled. 


(ii) Suspend the bulb of the thermometer in the liquid as close to 
the sinker as possible. See that the bulb of the themometer may not 


touch the wall of sinker. 


(iii) The suspension fibre should not be of cotton. The suspen- 
sion fibre or wire should be so thin that the effects due to its surface 
tension may not be appreciable if it enters the liquid. 

(iv) To achieve greater accuracy the correction should be made 
for the liquid displaced by the silk fibre or wire and lower portion 
of the wire should be a fine platinum wire so that the effect due to 
surface tension may be lowered. 

(v) Before taking any observation, stir the liquid well. When the 
currents inside the liquid have subsided, note the reading of the 
thermometer as well as weights on the pan. It may be remembered 
that during actual weighing operation the sinker itself acts as a 
stirrer. 

(vi) When the liquid in beaker is placed inside the balance its tem- 
perature should not be more than 25°C above or below the room 
temp., otherwise the balance would be disturbed due to the convection 
current. For extending the range further use а hydrostatic balance 
in which the suspension fibre is hooked to the pan of the balance and 


passes freely through the hole in the balance. 


(vii) The sinker should be heavy and of sufficiently large size. 
Due to this the loss in weight would be appreciable and thence the 


error in the loss would be minimised. 
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VARIATION OF DENSITY OF A LIQUID 
WITH TEMPERATURE 


EXPERIMENT 4. Measurement of the variation in the density ofa 
liquid (water) with change of temperature by weigh- 
ted bulb. 

Apparatus. Weight thermometer, liquid (water or glycerine), wire 

"gauge, copper vessel, porcelain basin, ordinary mercury thermometer 
(100°C), clamp, stand, balance, weight-box, burner. 


Theory. Let m, and m, be the masses of the liquid which fill the 
wt. thermometer completely at temperatures /,?C and °С. 


Let d, and d, be the densities of the same liquid (water). 


Vid, Vid, 
Then, eae cls ЖЫШ m 
ux та Vade Vi1+8(te—th)}de (9 


where g is the co-efficient of cubical expansion of glass. 


(It should be remembered that a hollow vessel expands just as if 
it were a solid vessel of the same volume and material.) 


or md, =my{1+g(te—ty)}do. 


А C WEE TON 
ту (lc8(t5—5)) 


or [i o d o 3 

ии {1+g(te—t,)} cud 
where № = mass of bottle with liquid in air and и, and w, аге the 
masses of bottle in water at 1,9С and °С respectively. 

Thus, after knowing the masses of liquid filling the wt. thermome- 
ter at different temperatures, the density of the liquid at the room 
бо wg the co-efficient of cubical expansion of glass, density of 
the liquid at any temperature can be calculated. 


| Procedure. Proceed and take Precautions as discussed in expt. 
with wt. thermometer. Use the formula given above and calculate 
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the density of the liquid at different temperatures. Then plot a 
graph between temperature along the x-axis and density along the 
y-axis. (fig. 2.6). Тһе curve so obtained will show the variation of 
density with temperature. 


Note. If the experimental liquid is water, then, before filling the 
wt. thermometer with this liquid, boil the water thoroughly so that 
the air bubbles, if any present іп it, may escape. Obtain the value 
of d, the density of water at room temperature from the table. 


If the table is not available, then determine experimentally the 
mass of water at 4°С. The density of water at 4°C is unity. So, the 
equation (2) could be modified as 


дши ЗА КГ ENG 

^om d6-cg(ts—t) 
The density at 2°C and 6°C is 0:99997 gmJcc which can be 
taken to be equal to unity for practical purposes. If there is 
difficulty in maintaining the bath at 4°C, maintain the bath 


between 2°C and 4°C and determine the mass of water. 


Observations And Calculations 


нын LLIdiE nili ычу: ыл: Yd 


Temp. а 06 
No. ой of Mass Mass ty—t, | w—w; | W— We ИЖ 
055. water | w gm. | ingm in in in Үй 
мес | inair |inwater | °C | gm. | gm. Trea) 
| gm/cc 
| | | 
1 |266 | 139520 | 89505 | | 0:99603 


= = | 
ne 139:520 89-780 206 |50015 49740 0:99007 


=" | 5 

44.8 11395 “710. 1182 |50015 |49810) 099151 
i ru Е 89710 |152 | 504013 | 49-870 | 099274 
$ |358 | 139-520 | 80620 |130 | 50015 49200 090312 
| 139-520 | 89570 |114 |50015 |49950 0:99447 


Precautions. Same as discussed in Expt. 2. 
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Density —> (t smali divi, = 0-00010 9т,/С,С. 
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(Fig. 2.6) 


ASSOCIATED EXPERIMENTS 


1. Determine the density of the given Liquid at three different 
temperatures at intervals of 10°C using a specific gravity bottle. 


| Ніпі. Procceed in the same way as described for the determina- 
pun co-efficient of cubical expansion of liquid by specific gravity 
ottle. 


Here, take the difference of temperature equal to 10°С. Finally, 
calculate the density at each temperature using the relation (2). 


2 a 


RADIATION CORRECTION 139 


2. Determine the density of water at three different temperatures 
at intervals of 10°C using glass bulb sinker. 

Hint. Proceedinthe same way as described for the determi- 
nation of co-efficient of cubical expansion by glass bulb sinker. 
Here take the difference of temperature equal to 10°C. Finally 
calculate the density at each temperature using the relation (3). 


RADIATION CORRECTION 


If temp. of calorimeter is higher than that of its surrounding it 
loses heat in three ways, (i) conduction, (ii) convection, (iii) radia- 
tion. The loss of heat by conduction is minimised by placing the 
calorimeter either on insulator, as cotton, wool or cork or by 
surrounding the calorimeter with these materials. A superior method 
of minimising the loss by conduction is either to suspend the calori- 
meter with strings inside a wooden box packed with cotton or wool 
or to place it on the strips of cardboard set on edge or by properly 
legging the calorimeter with an enclosed air layer. 

Loss of heat due to convection is reduced by placing the 
calorimeter in an outer vessel having a wooden lid. The lid posse- 
sses two holes through which pass a thermometer and а stirrer in 
the calorimeter. The loss of heat due to conduction or convection 
is then minimised with these arrangements but not properly elimi- 
nated. 


The surface of calorimeters are polished to minimise the 
loss of heat due to radiation as polishing reduces the emissivity 
of the surface. But the loss of heat due to radiation cannot be avoi- 
ded easily because even if the calorimeter is placed in vacuum the 
radiation loss will continue in the usual way provided the tempera- 
ture of calorimeter is higher than the temp. of surrounding. That is, 
the maximum loss of heat is due to radiation. 


Secondly, when a body at a higher temp. than that of 
surrounding is dropped in the liquid of a calorimeter maintained at 
room temp. certain amount of heat is lost by it in transit by way of 
conduction, convection and radiation. $0 the final temp. attained by 
mixture would be less than what it would have been had there been 
of heat. Correction for such loss of heat in calorimeter expt. is 
known as radiation correction. Thus, the final temp. of mixture has 
got to be corrected for such loss of heat by radiation. 
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METHOD FOR RADIATION CORRECTION 


Regnault’s method. There are several methods to determine the 
loss of heat due to radiation but Regnault’s method is more common 
‘due to its certain advantages. 

Take a calorimeter and place it properly. Pour some liquid 
in it filling 2 of its volume. Insert a sensitive thermometer reading 

3th of degree C in the liquid in calorimeter. Fix it to the vertical 
Stand attached to the wall of the wooden vessel in which the 
calorimeter has been placed. Leave it for two to three minutes. Then, 
note the reading of the thermometer at interval of every half minute 
for three minutes, | stirring the liquid all the time, with stop-watch. 
The temperature of the liquid will be found to be constant. Consider 
‘it to be the first part of the experiment. 


Just after the end of the first part of the experiment (as referred) 
take a hot solid and allow it to fallin the liquid of calorimeter taking 
саге that no liquid is splashed. As the solid enters the liquid the 
temp. of the liquid goes on rising. Note the reading of the thermo- 
meter at interval of every half minute till the maximum temp. of 
liquid is attained. Consider this portion of the experiment as the 
second part. Go on taking the reading of the thermometer for the 
next 8 to 10 minutes. This will be a period of fall of temperature. 
Consider this period of experiment as the third part. In case the 
body is a bad conductor of heat this period should be extended 
beyond 8 to 10 minutes and the reading of the thermometer should be 
noted preferably at the interval of 1 or 2 minutes, Record the 
observation in the tabular form as shown in Table 1, page 141. 


The experimentor is advised to come prepared with a table on 
practical note book to record the readings of the thermometer in 
tabular form during the calorimetric experiments for radiation 
correction, otherwise it would be difficult for him to record the 
Observation in the tabular form while stirring the liquid well and 
reading the temp. of thermometer carefully at definite intervals. The 


thermometer should be sensitive to read up to 4th of a degree and 
195 degree applying eye-estimation. 


о - 


RADIATION CORRECTION 


141 


TABLE 1 
a 
1 2 3 4 Sakes] 6 7 
Time Temp. of Mean Cooling | Total | Corrected | Mean 
in liquid in temp. du- during the cooling | temp. corrected 
min. calorimeter | ring half | interval at the in °C maxm. 
іп9С | minute from cool- end of the temp. 
| interval | ing curve interval in°C 
in °C in °С in °C 
0 21:35 | 
} 21°35 | 
1 21°35 
14 21°35 
= 21°35 | 
2} 21:35 | 
3 21:35 | 
34 21°35 | 
ы Hot solid | dropped 
8-4) 29:00 |2517 0:0245 0:0245 29:024 
8.4: | 2980 | 29-40 00525 | 00770 | 29877 
45 30°50 30:15 00573 0:1343 30:634 | 
& 5& | 3070 30:60 0:0595 | 0:1938 | 30:894 
5 6 30°80 30°75 0:0612 0:2550 31:055 an 
P бу | 31:00 30°90 00620 | 03170 | 31317 31°32 
1 30:90 30°95 0:0625 0:3795 31279 
7% 30°85 30°88 0:0620 0:4415 31:291 
8 30:80(а) 30:83 00615 0:5030 31:303 
2 81 30°75(b) 30:78 0:0612 0:5642 | 31'314(М) 
= 9 30:70(с) 30:73 0:0610 0:6252 31:325 
8 9% 30:65(4) 30:68 0:0608 0:6860 31:336 
5510 30-60(е) 30°63 0:0605 0:7465 31:346 
E 10} | 3050(f) 30:55 070598 0:8063 31:306 
в 11 30°45(g) 30:48 0:0595 0:8658 31:316 
113 30°40(h) 30°43 0:0590 0:9248 31:325 
12 30:35(i) 30:38 0:0588 0:9836 31:334 
124 | 30300) 30:33 0:0580 1:0416 31:342 
13 30:25 3028 0:0580 1:0996 31:349(N) 


NONE NENNT M LI EIE ELI 
(i) Find the mean temperature during each of the half minute 
interval by taking the mean of the temperatures preceding and 
. succeeding the interval and note it in column (3) of table (1). As 
for example 251°7°C is the mean of 29:009С and its previous tempe- 
rature (before the interval) 21:352С. Similarly 29°40°C is the mean 
of 29°80°C and its previous temp. (before the interval) 29:00°С and 
so on. 


(ii) Select the reading in column (2) a little after the temperature 
begins to fall and mark them as (a), (b), (c), (d), etc. Find out the 
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time interval that elapes between (a)th and (f)th reading, (b)th and 
{gth reading and so on, which would be equal to 2} minutes 
according to the experiment. Then find out the coolingin°C between 
the (a)th and (f)th, (b)th and (g)th and so оп аз shown in the table 
TI, which would stand for time 2} minutes. Tabulate them properly 
and take their mean which would be mean cooling for 24 minutes. 
Hence find out the cooling for 4 minute Corresponding to the mean 


ате.) 


temp. t 10 . 


TABLE И 


To find rate of cooling 
Eee 


Interval of {Cooling of the Cooling |Average Mean of ten falling 
two and half ие for 2} | cooling temp. i.e. 
minutes ins mins. for 4 А 
in°C | minute abi ny 
in°C 10 


Е -—— 


(а) (b (с) (d) 
From (a)th to |From 30 80 to | 0.30 30:80-1- 30-75 4-30-70 4-30: 65 
oth ce 30:50 75--30:70-- 
(е) () (г) 
From (b)th to |From 30°75 to 0:30 : “50--2025 
eg 3045 -1-30*60-|-30750-1- 30 
(h) (i) 1) 
From (c)th to |From 30-70 to 0:30 0:30 30- қ 30:30 
(h)th min. 30:40 = Е 
From (d)th to |From 3065 to | 030 | 006 =30'55°C=1'. 
(ПВ min. 30:35 


From (e)th to 'From 30°60 to 
(th min. 30:30 


ET ee RETE ESL S ЕЛТІРІ 


The temp. t in the first part of experiment i.e., room temp. 15 
found to be constant and 


hence the rate of cooling at this constant 
TOOm temp. is zero, 


Thus, rate of cooling at room temp. 21:35-0 (zero) and rate. 
of cooling for 4 minute at the mean of the ten falling temp. 30°5 a 
= 0:06°С. 


Now plot a cooling curve taking mean temperature along x-axis 
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and cooling per half minute along y-axis with these two data. A st. 
line would result when these two points are joined. 
From this straight line curve, cooling for any definite mean 


temp. is found. 
From the graph (fig. 2:5) read the value of rate of cooling 


corresponding to temperatures in column (3) of table (1) and note 
it by the side of that mean temp. on column (4). (As for example 
00245 is the cooling for mean temperature 25:17?C.) Thus; column 
(4) stands for the cooling at a mean temperature within an interval 
of time ($ min.) as obtained from the cooling curve of fig. 2.7. 
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(Fig. 2.7) 
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Now, find out the total cooling at a mean temperature. For this, 
proceed as follows— 


The cooling at a mean temperature must be added to the 
sum of the coolings occurring at all the mean temperatures previous 
to this to give the total cooling at the mean temperature. The 
following example will make it clear. Say, the total cooling , at the 
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(Fig. 2.8) 
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mean temp. 30'60°С = 00595 + (sum of all the previous coolings) i.e. 
0:0595 +(0°245 + °0525-+0573)=0°1938°C. Enter them properly in 
column (5) of table (I). Thus column (5) stands for total amount 
of cooling at the mean temperature. 

To find the corrected temp. atany particular time, add to the 
temperature at that time the total cooling which has taken place 
before that temperature. (Example : corrected temp. at the 9th 
minute = 30:70 4-total coolingtat that time = 30°70+ 0°6252 —31:325?C.) 
Calculate them as mentioned above and record them in column (6) 
of the table (I). Now draw a graph with uncorrected temperatures 
on y-axis and time on x-axis (fig. 2.6, curve 1). Then, draw a graph 
taking the corrected temp. on the y-axis and time on the x-axis on 
the same time-temp. graph (fig. 2.6, curve 2). The end portion of 
the corrected temperature graph would be parallel to the time axis. 
This shows that the calorimeter would have attained this maximum 
corrected temp, had there been no loss of heat. The maximum temp. 
attained is obtained by taking the mean of the corrected temperatures 
lying between M and N in column (6) of table (I). 

If a cold body (such as ice) is introduced into the liquid of 
the calorimeter, instead of a hot body then the temp. of calorimeter 
would first begin to fall and attain a minimum value. 
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After this the temperature of the calorimeter would begin to rise 
instead of falling (during the third part of expt.) because the 


T.P.P.-10 
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temperature of surrounding is higher than the temperature of calori- 
meter in this case. Here, the calorimeter would gain heat instead of 
suffering loss during this part of experiment. Record the time and 
temperature and hence calculate the temp. per half minute due to gain 
of heat and adopt the procedure discussed above to determine the 
correction for gain of heat. 
In this case, the time temperature graph would be as shown below 
(see. Fig. 2.7 and Fig. 2.8). 
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SPECIFIC HEAT 
EXPERIMENT 5. To determine the specific heat of a solid by 


Regnault’s apparatus applying radiation 
correction. 


Apparatus. Regnault’s apparatus, solid, calorimeter and stirrer, 
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thread, balance and weight-box, heater—Bunsen burner and two 
thermometers (one 100?C and other 50?C), stop-watch. 


Description of the apparatus : REGNAULT'S APPARATUS. Regnault's 
apparatus (shown in fig. 2.9) consists of a steam heater H on а plat- 
form and a calorimeter C, thermally screened from each other by 
means of a vertical wooden shutter D which can slide up and down 
in the grooves of its frame. 


The steam-heater made of two co-axial cylinders having an 
annular space between them is carefully closed except for the 
two outlets for the entrance and exit of steam. — The mouth of 
inner cylinder is closed with a cork having two holes through 
which pass a thermometer T, and a string carrying the solid 
B at one of its ends. The solid to be heated is suspended by means 
of a string in the interior of the inner chamber and the bulb of 
thermometer T, is also placed in the interior of inner chamber 
close to the solid to record its correct temperature. Steam is allowed 
to pass through the annular space and interior of the inner cylinder 
acts as oven for the solid to be heated. The bottom of the inner 
cylinder is closed by a trap door through which the solid may be 
dropped in the calorimeter. The steam heater is hinged to a 
vertical rod V fixed 
to the raised plat- 
form F having cen- 
tral: hole. 

Calorimeter is 
placed in а copper 
vessel separated from 
each other with non- 
conducting material. 


Calorimeter C is 
made of copper. It 


is polished and sup- 
ported on pointed 
pieces of wood or 
by means of strings 
inside the wooden 
box. The box is 
packed with cotton- 
wool. It is provided with a wooden cover. А sensitive thermometer 
ТА 18 inserted in the liquid of the calorimeter and is clamped to a 
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vertical rod. The calorimeter has a stirrer placed inside the liquid. 


Theory. Specific heat of a body at any temp. is defined as the 
amount of heat required to raise the temperature of the body through 
any range of temperature to the amount of heat required to raise the 
temp. of same mass of water through the same range of temp. 
According to this definition, specific heat has no unit. 


It is also defined as the amount of heat in calories required to raise , 
the temp. of 1 gm of a body by 1°C. Specific heat is determined by 
the method of mixture. 


Let т, = mass of the calorimeter and the stirrer, 
s,=sp. heat of material of calorimeter, 
ть = шаѕѕ of liquid in calorimeter, ° 


39 — specific heat of the liquid, 

T,=initial temp. of the liquid in the calorimeter, 

m =mass of the heated solid, 

s —specific heat of material of the solid, 

T,- temp. of the heated solid, 

T —final common temp. of the calorimeter, its contents and 

the solid. 
Then, heat lost by solid = m.s.(T3— T) aw Ws 
Heat gained by liquid and calorimeter 
=m (T— T3) + тү5у(Т—Т\) 


= (MaS + тузу) (Т-Т,) cal. am Di 
m.S.(T,—T) = (maso mss; (T — T1) 

mss + туза) (T— T1) 

s= mT, =T) М cal. 2. (308 


Thus knowing the other quantities in the eqn. (3), the value 
of specific heat of solid can be determined provided the sp. heat of 
liquid is known. 

қ As the sp. heat of water is taken to be unity, water is taken as а 
liquid to determine the sp. heat of solid. The maximum temp. 7 of 
mixture is corrected applying radiation correction. 


Procedure. (i) Fill half of the boiler with water and place it ОЛ 
a wire guage placed on a tripod stand. Join it to the inlet of jacket 
5 with the help of a short and straight rubber tube. Apply one Of 
two burners below the boiler to heat the water. Connect along 
rubber tube to the outlet of heater to allow the steam coming from 
boiler to escape not near the calorimeter. 
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(ii) Examine the different parts of Regnault’s apparatus and see 
whether the shutter and calorimeter slide in the grooves engraved for 
them in the frame of apparatus according to necessity. 


The box of calorimeter should be free to solid and come below 
the central hole of the platform so that the slide can be lowered 
down into the calorimeter without obstruction. 


(iii) While the water in the boiler is being heated weigh the solid 
in a balance. Let its mass bem gm. Тіс it with a string and then 
suspend it in the interior of the inner cylinder of the jacket H. Close 
the upper mouth of the interior of cylinder of jacket H witha cork 
having a hole through which passes a 100°C mercury thermometer 
such that its bulb is either in contact with solid or close to it to 
record its correct temp. See that the cork is tightly fitting. The 
lower end of the jacket is closed with metal trap-door. Turn the 
jacket away from the central hole in the platform. 

(iv) While the solid is being heated in the jacket, take out the 
calorimeter with its stirrer from the wooden box, clean it, dry it and 
weigh it correct upto a centigram. ‘Let m, gm be the mass of 
calorimeter with stirrer. Fill half of calorimeter with water so that 
the solid may dip completely in it when allowed to fall. Weigh 
the calorimeter together with water. The difference between 
these two weights will give the mass of water. Let m, gm be the mass 
of water. 

(v) Now replace the calorimeter with the liquid in the wooden 
box in which it is suspended by means of fine strings from the rim of 
the outer copper vessel. Insert the bulb of a sensitive thermometer 
(0— 50°C) reading т of a degree centigrade in the liquid of calori- 
meter. Close the mouth of calorimeter with wooden lid and see that 
the shutter has been lowered down in order that calorimeter and its 
contents may remain unaffected from thc heat of the heating- 
chamber. 


(vi) Wait and watch if the reading of the thermometer in the 
heater H (jacket) is steady at least for ten minuts in case of good 
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conductor of heat (and nearly 40 minutes in case of bad conductor 
of heat). 


(vii) Rotate the jacket Н about hinge so that it is just above 
the central hole in the platform. Stir the water well and start the 
stop-watch and note its temperature every half minute when 
five or six readings have been taken. Raise the shutter quickly and 
bring the wooden. box containing the calorimeter just below the 
hole. Quickly remove the trap door from the bottom of the jacket 
and drop the heated solid directly into the calorimeter by un- 
ying the string quickly and carefully so that no water splashes 
out of calorimeter. Remove the calorimeter quickly to its former 
position and lower the shutter also to its former position. Stir 
the water well and go on taking readings of temperature at every 
half minute till ten minutes have elapsed after the maximum tem- 
perature has been attained as in the experiment described for radia- 
tion correction. 


(viii) The temp. of liquid in the calorimeter should be notde 
after an interval of half a minute beginning from at least five conse- 
cutive intervals before the hot solid is dropped in the liquid. 


(ix) Now, find out the temp. corrected for loss of heat dut to 
tadiation as described in expt. for radiation correction. Let the 
corrected temp. be T°C. Then calculate the sp. heat of the solid. 


Observations and Calculations 


Weight of calorimeter + stirrer =m, gm. 
» » » + „ +Wwater=w gm. 
Weight of water = (у — т) = m, gm. 
Wt. of solid = т gm. 
Initial temp. of water=7,°C. 
Temp. of solid =Т,°С. 
Sp. heat of material of calorimeter = s, =-09 (given). 
Sp. heat of water=s.=1. 


--— 
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gi ess ms) (T-T) 
m (T; —T) қ 

Standard value оҒ5-...... 

СЛОВО... 

Equation (3) for determination of the sp. heat of solid can also 
be used to determine the sp. heat of a liquid provided the sp. heat 
of solid is given. 

Precautions. (i) Solid should be dropped quickly in the 
calorimeter so that the loss of heat during the transference may be 
minimum. 

(ii) The size of solid should not be too small. 


(iii) It is advisable to use magnifying glass to observe the rapidly 
falling temperature from the thermometer. Record the temp. care- 
fully to the second place of decimal. 


(iv) The quantity of water in the calorimeter should be sufficient 
to immerse the solid completely. 


(v) Before removing the thermometer from the liquid of the 
calorimeter, see that there is no'trace of the liquid sticking to the bulb 
or the wall of thermometer. 


(vi) The two thermometers used should be compared. 


ASSOCIATED EXPERIMENTS 


1. Determine the temperature of the Bunsen’ flame by using а metal 
pall and a calorimeter, correcting for heat loss due to radiation. 

Hint. Take a solid of known specific beat and heat it in the 
given Bunsen flame, whose temperature is to be determined, for а 
pretty long time so that the solid attains the temperature of the 
flame. 


Now, taking this as the hot solid, repeat the experiment for the 
determination of specific heat of solid by Regnault's apparatus. 
Apply the radiation correction for obtaining the final temperature of 
the mixture and hence, calculate the temperature of the hot solid, 
since its specific heat is known. This will give the temperature of 
the Bunsen flame corrected for radiation loss. 
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2. Determine accurately the specific heat of the given badly conduc- 
ting solid. 

Hint. For the purpose 

T of determining the specific 

i heat of badly conducting 

solid, either Indian rub- 

Cork ber, glass or.lead shots 

may be supplied. In case 

of rubber, cut it into 

very thin pieces and tie 

them in a bundle. Heat 

this bundle in the heater, 

for a pretty long time so 

that it attains the tempe- 
rature of the steam. 


--Ушісап е handle 


In case of small lead 
shots or broken glass 
pieces, where it is not 
possible to heat the body 
by suspending it by means 
of thread in a heater, use 

(Fig. 2.10) the alternative method of 

heating as shown here. 

When the Blass-pieces or the lead shots Р acquire the temperature 

of the steam, raise the vessel A sot hat the solid will fall through 
the exit E into the calorimeter. 


" Follow the rest procedures similar to that described for the deter- 
uc of specific heat of solid by Regnault's apparatus. Correct 
е temp. of the mixture for radiation loss and calculate the sp. heat 


of the given badly conducting solid, using the relations given 
therein. 


x у ои accurately the specific heat of the given liquid by the 
ethod of mixture. А solid ball of a material i 
SEE fuse f rial of known specific heat 
Hint. Repeat the experiment for the determination of specific 
heat of solid taking the given liquid, in place of water, in the 


calorimeter. Specific heat of solid being known, calculate the 
specific heat of the given liquid. 
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WATER EQUIVALENT OF CALORIMETER 


EXPERIMENT 6. То determine the water equivalent of calorimeter 
and stirrer. 


Apparatus. Calorimeter with stirrer, beaker, balance, stop watch, 
weight-box, two thermometers (one reading up to 100°C and other 
reading up to 50°C), magnifying glass, Bunsen burner etc. 

Theory. Thermal capacity of a body is the quantity of heat 
required to raise the temperature of the whole of the body through 19С. 
Then, if m be the mass ofa body and s be its specific heat, the 
thermal capacity of the body = т.5. ЖП) 

The water-equivalent of а body is the mass of water in grams which 
can be heated through 1°C by the amount of heat which can heat the 
body through 1°C. Thus we see that the water equivalent of a 
body is numerically equal to the thermal capacity of the body. 

If w be the water equivalent of a body, then № = 77.5. 7.70) 

The experiment to determine the water equivalent of calorimeter is 
based on the method of mixture. In this case a known mass of hot 
water is poured on a known mass of water at room temperature 
contained in the known mass of a calorimeter. The heat lost by the 
hot water is equated to the heat gained by the calorimeter and the 
cold water and the water equivalent of the calorimeter is determined 
from this equation. 


Let m,=mass of calorimeter +stirrer 
Wi= a w+ o» cold water at room temp. 
Mass of cold water = (юу — ті)- 72. 
°С —temp. of cold water, 
t,?C—temp. of hot water, 
t°C=temp. of mixture. 
ws = шазз of calorimeter + stirrer--cold water--hot water. 
2. Mass of hot water = (иә — w4) = ms. 
Let w be the water equivalent of the calorimeter. 


Heat lost by hot water — ms. 1.(t,—1) cal. 3) 
Heat gained by calorimeter --stirrer+cold water 

— (w-I-mg).1.(t—1,) =(wW+m)(t— t) cal. .. (4) 
2. Heat gained = Heat lost 
or Qw4-ma)(t — 13) 9 ms(£5 — t), 
2 (ит) =" 8-0, 


G-t) 
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t ms(ts— t) 
(t-t) 
The temp. t of mixture should be corrected for loss of heat due 
to radiation and then the value of w should be calculated knowing 
the other quantities in equation (5). 


- т. .. 5} 


Procedure. (i) Clean the calorimeter and stirrer. Dry them 
and weigh them together. Let т; be their mass. 

(ii) Fill one-third of the calorimeter with cold water so that bulb 
of sensitive thermometer may be immersed completely. Weigh the 
calorimeter together with stirrer and cold water. Determine the 
mass тә ОҒ cold water from the difference of these two weights. 

(iii) Replace the calorimeter with stirrer in its wooden box so 
that no water splashes. Insert the bulb of a sensitive thermometer 
(0°-50°C) in the cold water so that it is completely immersed in the 


water of calorimeter. Stir the water well and note the temp. °С 
of the cold water. 


(iv) Take some water ina beaker. The volume of water taken 
in beaker should be nearly equal to the volume of water taken in 
calorimeter. Place iton a wire gauge placed on a tripod stand. 
Apply Bunsen burner below it. Insert the bulb ofa thermometer 
(0°1-00°C) in the water of beaker. Wait and watch the rise of 
temp. of water. When the temp. of water in beaker is nearly 10°C 
above the room temperature, stir the cold water in calorimeter and 
take five or six readings at the interval of every half minute. Just 
after the last reading of cold water is noted, holding the beaker con- 
taining hot water with right hand and thermometer with left hand, 
record the temp. of hot water after stirring it a little with the ther- 
mometer and pour itia cold water in calorimeter quickly and cover 
the lid of calorimeter. Note the temp. of mixture at intervals of 
half a minute after the last reading of cold water has been recorded. 

Continue to stir the mixture and go on taking reading of the 
temp. of the mixture every half minute. Continue taking readings 
for nearly ten minutes after the temp. of mixture begins to fall. 
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(у) Remove the cover from the top of the calorimeter and then 
remove the thermometer from the mixture taking care that no trace 
of water comes out sticking with the wall of thermometer. Take out 
the calorimeter with stirrer from the wooden box and weigh it again 


attained the room temp. The difference in the third 


when it 
ater. 


and second weights would give the mass тз of the hot w 


(vi) Now, suspend the bulbs of ordinary thermometer and the 


sensitive thermometer in cold water and see whether both of them 
have the same temp. И the readings of both the thermometers are 


not thé same, then note the readings of thermometers. Taking the 
reading of sensitive thermometer to be true, find their difference and 
add it to the temp. f2°C of hot water for correction. 

°C of mixture due to loss of 
ectionas discussed earlier 
alent № of calorimeter 


(vii) Calculate the corrected temp. £ 
heat applying the principle of radiation corr 
and hence calculate the value of water equiv 
and stirrer. 


TABLE I 


Time-Temperature record 


1 2 3 4 5 | 6 7 
za zd i) НЕЕ. 
- Mean Cooling Total Mean 
, Temp. of temp. during the| cooling at corrected 
Time| liquid in during һа > interval | Ве end of | Corrected | шахта. 
in |calorimeter| minute |from cool|theinterval temp. temp. 


min. in (9C) interval | ing curve | іп (CC) in (°С) in CC) 
їп (°С) | іп(9С) 


0 24:20 24:20 0 

4 2420 24:20 0 

1 2420 24:20 0 
“| 14 24:20 2420 0 

2 2420 | 2420 0 | 

21 2420 | 2420 0 | | 

3 24:20 2420 0 | 
—|——(- | жй , T 
E Hot Water | | 
8 added | | 
EI 3k 29078 | 2689 00315 | 00315 | 29811 | 
57| 4 30:25 30-02 00576 | 00991 | 30:349 

0:0705 0:1696 | 30:470 | 


| 4 3030 | 3028 


| Tem 
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Т п — з= 
2 | 3 4 5 6 j 
| | 
Mean ` | Cooling Mean 
Temp. of temp. during the, Total corrected 
liquid in  duringhalf| interval |cooling at | Corrected maxm. 
calorimeter | minute |Ггот coo-|the end of | temp. temp. 
in (9C) | interval ling curve | interval | іп (°C) in (°C) 
| іа (0С) | in (9C) | in (0С) 
| | " 
3020 | 3025 | 00700 | 02396 |30440 
30:12 | 3016 0:0692 0:3088 | 30:429 
30:04 | 30:08 0:0685 0:3773 | 30:417 
29:95 | 30-00 00675 0:4448 | 30:395 
29:86 29:90 00665 05113. | 30:371 
29:78 | 29:82 0:0655 0:5768 | 30:357 
= 29:70 (а) | 2974 00645 06413 | 30:341(М) 
E 29:63 (b) 29-68 00638 0:7051 | 30-335 
E 29:58 (c) | 29-60 0:0630 0:7681 | 30:348 
ы 29:50 (d) 29:53 00623 | 0:8304 | 30:330 
Е 29:48 (e) | 29:46 0:0615 0:3919 | 30:322 
© 29:37 (f) | 2940 0:0608 | 0-9527 | 307323 30:330 
al 29:31 (g) 29:34 00600 10127 | 30:323 
29:25 (h) 29-28 00592 10719 | 30-322 
29°20 (i) 29:22 | 0:0585 1:1304 | 30:330 
2914 (0 | 2917 | 00580 | 11884 | 30-328 (№) 
29:09 2912 | 00575 | 12459 | 30-336 
29:04 2907 | 00570 | 13029 | 30.343 
29:00 2902 | 00565 | 13594 | 30359 
Ee — 
TABLE II 
es To find rate of cooling 
Mean of ten 
eval of Cooling of Cooling Гог |Average cooling] falling j 
$ minutes the temp. 24 minutes for} minute | temp. i.e. 
in (°C) in (°C) in (°C) "rU 
10 
From (a)th to 30-70 to б 
(f)th reading 29°37 933 0:305 
5 
From (b)th to | 29°63 to 0:32 e à 
(Dth reading | 29:31 A -0061 --29419С 
From (с) to | 29°56 to 0:3 
(h)th reading | 29:25 "5 
From (d)th to | 29:50 to : | 
(th reading 29:20 | %30 
From (е) to | 29-43 to -2 
(th reading | 29- 11 | 9:29 | 
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Cooling per+-minute —— (One big divn.= 0.005°C) 


WATER EQUIVALENT OF CALORIMETER 
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23 7; 25 96 201,28 29.30 31 92 
Temperature, in °C—(One big divn.= 1°C) 
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Observations and Calculations 
Corrected temp. of mixture = 2C=30:33°C. 
Mass of (calorimeter-Lstirrer) =т= 65:221 от. 
Mass of calorimeter+stirrer + 


cold water) = = 145'312 gm. 
-. Mass of cold water =(и т) = 00 80:091 gm. 
Temp. of cold water -19С--24:202С. 
Temp. of hot water =1,°С = 36°78°C, 


Mass of (calorimeter + stirrer-+cold 
water--hot water) —w,—227:332 gm. 
Mass of hot water = (ии) ms = 82:020 gm. 
Form formula (5), water equiva- 


= "(0 —1) 
lent (и) ECT 
_ 82'020 (36:78 — 30:33) 
— (8033-2420 — 
= 6210 gm. 
Value of w from formula (2) i.e.w = m.s = 65:221 x 0094. - 
= 6131 gm. 
^. % error—1:2995 (for calorimeter of copper). 
Result. Water equivalent (w) of calorimeter and stirrer from expt. 
—6210 gm. - 
% еггог=1:29%. 
Precautions. (i) The temp. of hot water should not be more than 
12°C higher than the room temp. 


(ii) Calorimeter should be kept away from the heating 
arrangement. 


(iii) The mouth of calorimeter should 


=M 


be always closed with 


(iv) The hot water should be transferred quickly and carefully 
to the cold water in the calorimeter so that water does not splash. 


(v) Temp. of water should be recorded only when the water has 
been well stirred. 


LATENT HEAT OF VAPORISATION 
EXPERIMENT 7. To determine the latent heat of vaporisation of 


water applying radiation correction. 


Apparatus. Calorimeter and stirrer, balance, weight-box, a 
sensitive thermometer (50°C), boiler, steam-trap, —tripod-stand, 
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wire-gauge, burner, screen, Fortin’s barometer, stop-watch. 
Description of the apparatus : STEAM TRAP. Steam-trap is a hollow 


(Fig. 2.13) 


cylindrical glass tube; its one end is closed with a cork having |а hole 
through which passes the end of the glass tube bent at the top. The 
other end of this glass tube is joined to the outlet of boiler with the 
help of a rubber tube R. The other end of the steam trap also is 
closed with the help oftightly fitting cork having a hole through 
which passes a glass tube having a nozzle at its lower end and а sign 
of interrogation at the top. 


Theory. The latent heat of vaporisation at the boiling point is defined 
as the amount of heat required to change 1 gm of water from its 
liquid state to vapour state without change of temperature. 

The determination of latent heat of vaporisation is also based 
on the niethod of mixture where heat lost is equivalent to heat 
gained. Here, a definite quantity of :team is allowed to pass in 2 
known quantity of water maintained at a particular temperature 
in calorimeter of known mass. The heat lost by the steam is equal 
to the heat gained by calorimeter plus water. 


Let ті gm=mass of calorimeter-stirrer, 
5,— specific heat of the calorimeter, 
и gm —mass of calorimeter + stirrer--cold water taken. 
-. Mass of cold water =(w;— m) =m, gm. 
Temperature of cold water — t;?C. 
Temperature of steam =t°C. 
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Temperature of mixture after passing steam in it=7°C. 

Wa gm. = mass of calorimeter +stirrer-+-cold water-+-hot water. 
-. Mass of steam passed = (w, — w1) = тз gm. 

Let Т, cal./gm. be the latent heat of vaporisation of water. 


-. Heat lost by steam —m;L--m(ts — t) cal. 21) 
-. Heat gained by calorimeter-+-stirrer+-water ' 
= (mys,4-my) (t — t) cal. ve (2) 
Now, Heat lost= Heat gained. 
e mg[L-4- (t — 1] = (ту, m3) (1-1) 
5 popu E — (ts — t) cal./gm. .. (3) 
з 


The temperature :°С of mixture has to be corrected as its observed 
value will be less than the corrected value due to loss of heat by 
radiation. Thus knowing the quantities concerned in equation (3), 
the value of L can be determined. 

Procedure. (i) Fill nearly half of the boiler with water which 
would be indicated by a glass manometer attached to it. Place 
it on a wire gauge placed on a tripod-stand and keep Bunsen burner 
below it. 

(71) Close the mouth of the boiler with a cork lightly. Connect 
the upper end of the glass tube of steam trap to the outlet of boiler 
With a short rubber tube. 

(11) Take out the calorimeter and stirrer from the wooden box. 
Then clean, dry and weigh them together correctly in a balance. Let 
m; gm. be the mass of the calorimeter with stirrer. Fill one-third 
of the volume of calorimeter with cold water at room temperature 
and again weigh it. The difference in the two weights will give the 
mass of the cold water (ms gm.). . Next place the calorimeter in the 
wooden box and cover it. Insert the bulb of a sensitive thermome- 
ter reading 1/10 of a degree, in the cold water of calorimeter through 
a hole in the covering lid and suspend it with the help of clamp fixed 
to a stand so that the bulb of thermometer may remain completely 
immersed in water and it may not touch the bottom or wall of calori- 
meter nor it may in any way obstruct the process of stirring. 

(iv) In the meanwhile the steam would be issuing forth from the 
steam trap. Stir the water well in calorimeter and note its tempera- 
ture at the interval of every half minute with the help of stop-watch. 
As soon as the last reading of cold water is taken. remove any trace 
of water sticking to the nozzle by means of cotton-wool and allow the 
steam to pass in the cold water instantaneously taking care that nozzle 
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is a little below the surface of the water in the calorimeter. At the 
same time go on taking the reading of temperature of mixture at the 
interval of half minute after the last reading of cold water is noted. 
Stir the mixture well all the time and as soon as the temperature of 
mixture rises by 7 to 8?C, remove the steam trap and continue to 1ake 
readings for 10 minutes more after the temperature of mixture begins 
to fall. 

(у) Now, remove the thermometer from the water of calorimeter 
with no water sticking to it. When the water has attained the room 
temperature, weigh the calorimeter with its contents again and find 
out the mass (тұ gm.) of steam condensed. Note the reading of the 
Fortin's barometer also. 

(vi) Determine the maximum temperature (1°C) of the mixture 
applying the radiation correction as discussed earlier. 

Calculate the temperature of steam from the following. formula— 
Тһе B. P, of water at 760 mm. of pressure is 100°C. 
-. Due to change of 26:8 mm. of pressure the change in B.P. is RE 


M x С 


th РКАИЛ зз, у + 
= : 26:8 


э 2 LE) 


+ “В. P. of water at (760 h) mm. pressure 


h No 
=100+ (58) с 


=f,°C=temp. of steam. 
(vii) Determine the latent heat of vaporisation of water with the 
given formula. 
TABLE I 


Time-Temp. Record 


1 2 3 4 5 6 7 
Z 3 7 ke Mean | Cooling | idi Aul 
; emp.of | temp. іп |during the| Total coo- 
eg waterin 1 °С during| interval |ling at the Corrected corrected 
. | calorimeter half from cool-end of the) (тр y 
min. in °C inate е їп °C temp. 
n pa ing curve | interval in? 
interva in °С in С 
0 | 2515 E 
i 25:15 25°15 0 | 
1 25°15 25:15 0 | 
] 1} 25:15 25:15 0 
2 25-15 25 15 0 
24 25:15 25°15 0 1 
3 2515 2515 0 B — 
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Pn re 
1 | 2 | 3 4 | 5 6 7 
iue | TER or cme | COIRE Total coot "Mean 
Time | water in ӘС during! interval | ing at the ¡Corrected Corrected 
in | calori- half E ee соо. 619 of thej temp. maxm. 
min. meter minute | ing curve interval | in °C temp; 
ше | interval іп ОС in °C in °C 
m Steam was allowed | 
E to pass r 
"H| 34 | 2855 26:85 0:0082 | 00082 | 28:558 
е 4 31:65 30:10 00237 | 00319 | 31-682 
© 4k 34-75 33:20 0:0385 0:0704 34:820 
^ | 5 1 35:50 | 3512 | 00480 | 0:1184 | 35618 
Steam was stopped | a 
5+ 35:40 35°45 0:0495 0:1679“ 135568 
6 35:35 3538 0:0492 0:2171 |35:567 
6t 35:30 35:33 0:0490 02561 |35:566 
ы 7 35:25 35:28 00487 : 0:3138 |35564 
A=] Tk 35°19 35:22 0:0484 0:3622 35:552 
en 8 35:15 35°17 0:0482 0:4104 35:560 
SS! 8+ 35:10(а) | 35:12 00480 | 0:4584 |35-558(M) 
Е 9 35°05(b) | 35:08 0:0478 | 0:5062 135556 735:553 
9 |2298 | 35:00c)| 3502 | 00475 05537 [35-554 
Ee 10 34:95(d) |7 34 93 0:047} 0:6010 |35`551 
10} 35°90(e)| 34:92 00470 0:6480 |35:548 
11 34 86{Г) | 34:88 0:0168 0:6948 135-555 : 
TI} 3481(g) |- 34:84 0 0465 0:7413 35:551 
12 34 76(h)| 34-78 00463 0:7876 |35:548 I 1 
12} 34:72(1),| 34:74 0:0461 0:8337 |35:554 
13 34:686) | 34:70 0:0458 0:8795 35:559(N) |: 
Interval of 24 Cooling Cooling tor 2* Average cool Meancoften "n 
rd in temp. minutes + ing for 4 min. | falling temp. 
ee DES in 9C ino in °C 
From (a)th to | 3510 to 0°24 
(f)th reading, 34:86 0:234 
From (b)th to 35:05 to 024 - 5 ұш 
_(g)th reading 34:81 1 =0°0468 atb+..j 
From (c)th to 35:00 to 0:24 10-724 
(b)th reading 34-76 | —34:88 
From (d)th to 34:95 to 0:23 
(i)th reading 3472 
From (e)th to 34:90 to 0:22 
"(J)th reading 34:68 
——— 


Please see graphs 2.14 and 2 15. 
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Reading of barometer = 754:40 mm. 
Boiling point of water at this pressure— (1 00- 56 yc- 99-79°С. 


Observations and Calculations 


Corrected maximum temp. of mixture, 1,?C = 35:55°С. 
Mass of (calorimeter-{ stirrer) =: —165:265 gm. 
Mass of (calorimeter- stirrer -} cold water) =500°770 gm. 
2. Mass of cold water = ms = 335:505 gm. 
Temp. of cold water=t,°C=25'15°C. 
Temp. of mixture=1°C= 35:559 G/ 
Mass of (calorimeter stirrer+ cold water-- condensed water 
vapour) = 506:860 gm. 
Mass of condensed water yapour=m,=6-090 gm. 
Temp. of steam (by calculation) =t C =99'79°C. 
2. Latent heat of vaporisation = L= 535:24 cal./gm. 
Standard value of Latent heat of vaporisation 
= 539:60 cal./gm. 
25 Фегтог-- 0'81%. 
Result, Latent heat of vaporisation of water = 535:24 cal./gm. 
%error=0°81%. : 
Precautions, (i) Follow all precautions discussed in calorimetric 
experiments. 
(ii) The nozzle of steam trap should not be above the water 
surface otherwise there would be a great loss of heat. 
(iii) The supply of steam should be regular and slow otherwise 
water may splash in calorimeter. 
(iv) The calorimeter and boiler should be partitioned with a 
screen as shown іп the fig. 2.13. 
(v) Burner should not be removed from the boiler as long as the 
nozzle of steam trap is below the water surface. 


LATENT HEAT OF FUSION OFICE 


EXPERIMENT 8. Determination of the latent heat of fusion of ice. 


Apparatus. Calorimeter with stirrer (perforated disc type), stoP 
watch, sensitive thermometer (reading up fo 1/10th of a degree), 
balance, weight box, blotting paper etc. 2 

Theory. When а solid substance is heated, its temperature rises 
and at a constant pressure when it begins to melt, the temperature £ 
comes constant and it remains constant so long as the whole of t 
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substance does not melt. At the melting point, the amount of heat 
supplied to the substance is used up only in changing its state from 
solid to liquid. At a constant pressure, the amount of heat required 
to change unit mass of ice from solid to liquid state, at its melting 
point is defined as the Latent heat of fusion of ice. 

The following experiment for the determination of latent. heat of 
fusion of ice is based upon the method of mixture in which a known 
quantity of ice is added to a known quantity of water contained in a 
weighed calorimeter. Noting the final temperature of the mixture, 
thus produced, the amount of heat lost by the calorimeter and its 
contents and that of heat gained by the ice are equated and the latent 
heat of fusion of ice is calculated. 

Let, the mass of the calorimeter +stirrer =m gm. 

Mass of the calorimeter-L-stirrer-- water contained in it =w gm. 

Mass of water taken = (w — m) gm. =m, gm. 

Initial temperature of water and calorimeter = °С. 

Final (corrected) temperature of the mixture after adding the 
ice=1°C, 

Temperature of the ice — f,?C (=0°C). 

Mass of the calorimeter-+stirrer--water taken “ісе added = w, gm. 

-. Mass of ice taken =(w,—w) gm. 

i =т gm. 

Also, let latent heat of fusion of ice =L cal./gm. 

So, the amount of heat required to melt mma gm. of ice is т, L cal. 
and that required to raise its temperature from 0°C to the temp. of 
the mixture = тл. 1. (£—0) mt cal. Also, amount of heat lost by the 
calorimeter and its contents 

=m.S.(ty—t)-++-m,(ty t) 
=(ms-+-m,)(t, — t) cal. 
where 5 is the sp: heat of the material of calorimeter and stirrer. 
Since, heat gained —heat lost, 
Pi ML+mt =(ms+m;)(ti— 0) 


д үші (тзт) ет) cal./gm. 
т; 


Other quantities being known, L can be evaluated. 


Procedure. (i) First perform the preliminary experiment to know 
whether the dew point is near the room temperature or far below it. 


For that purpose, proceed as follows. 
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(ii) Take a clean, dry calorimeter and along with the stirrer of 
perforated disc type, weigh it correct up to a centigram. 


(i) Fill nearly two-thirds of the calorimeter with tap water. Note 
its temperature. Add some ice to it so that its temperature falls by 
5to7°C. See whether dew has appeared on the outer surface of the 
calorimeter. If not, continue adding some more ісе, observing the 
appearance of deW all the time; till the temperature falls by 10°С. If 
the dew has appeared during this operation, note the temperature at 
which this'háppens. If not, the dew point is still lower and hence 
its knowledge is not required for the present purpose. In the latter 
case, adopt method A and in the former case, adopt method B given 
below, for the determination of latent heat of fusion of ice. 


102 METHOD: А. 


In seasons, when the atmosphere is relatively dry and dew point 
is not reached fora fall of temperature by about 10°C, proceed as 
follow for determining the latent heat of fusion of ice. 


(i) Take the calorimeter "which ‘was weighed: previously. 'Fill 
nearly two thirds of the calorimeter with tap water and weigh it 
again. The difference of the two weights will give the mass of water 
taken in the calorimeter. 


(ii) Place the calorimeter in its box. Fix the sensitive thermo- 
meter with its bulb well inside the water іп the calorimeter. Cover 
it with the lid. Stirring well, note the temperature of water for 3 mi- 
nutes at’an interval of 30 sec. each. This will be practically constant. 


(iii) From the knowledge of the preliminary experiment, take 
such a lump of ice which when added to the water in the calorimeter, 
would reduce its temperature by 7 to 8°C; With the help of blo- 
tting paper, dry it completely and gently drop it into the water. Note 
this instant when ice is added. 


(iv) Keeping the lump of ісе always under the perforated disc 
stirrer and stirring the water well all the time, continue to note the 
temperature at an interval of half a.minute. The temperature will 
first fall and will begin to rise again. Take a good number of reads 
ings, say up to an interval of ten minutes after the record of the 
minimum temperature, 4 . 


| 
| 


Ccoling per тіп 511 big divn.20.005°C) 


005 


0.04 


0.03 


100 


25 26 
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(Fig. 214) р 
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(v) Take out the thermometer carefully so that no water remains 
adhered to its bulb. Take out the calorimeter from its box and weigh 
it again. The difference ofthe third and the second weights will give 
the mass of ice taken. 

(vi) Enter your results in the table given below. The heating at 
the room temperature js zero. From the observation, calculate the 
average heating at a particular mean temperature. From these two 
draw a heating curve (in place of cooling curve, as in other ехреп- 
ments on calorimetry) which should be a straight line. (See fig. 2.7) 


(vii) From the heating curve, find out the heating for each inter- 
val. Total heating up to the end of a particular interval, when 
subtracted (and not added, asin other experiments, on calorimetry) 
from the temperature at the end of that interval will give the correct 
temperature. 


(viii), Draw the time-temperature (observed) and time-temperature 
(corrected) graphs; (See fig. 2.8) : 


(ix) From à set of corrected temperatures, calculate the mean 
corrected temperature. Finally, with the knowledge of mean corrected 
minimum temperature, calculate the value of L. 


Observations 
On L ыы 
1 и |- ILL IV Үү; VI УП | УШ 
| 
—— ——— | | 
= оч os NS ше ы + 
EE Е A WIESO 
B. | Seo | She | eee у= |= (ЖОН 
қа на sax 2 w-- |699 Boo ба 
ВЕ зам е ads BoO 255185 oo 
T РЕ: 55846) БЕР, 589 | 555% | Sasa] a8 
88 Bas gge 959 B аслас 581 83 
a Ев8 | на 238 | mes | esse |923 | #3 
| | 1 
0-05 
0:5-1'0 
1:0-1'5 
| 
Tce added | 
| 
12-12:5 | 
125-13:0 | 
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(i) Repeat the Operation (1) of method (A), 


(ii) Heat the Calorimeter containing water fora few minutes so that 
Its temperature rises by 7 to 10°С: 


(iii) Place the calorimeter in its box. Suspend the sensitive ther- 
mometer (reading up to 1/10 th ofa degree) in the calorimeter with the 
bulb of the thermometer dipping well: in the water. Cover it with 
the lid. By the time this Operation is done, the temperature. of water 
must have fallen, and it would be, most likely, just 5 to 6°C above 
the room temperature. Stirrin 8 continuously, note the temperature 
of water for 2 to 3 minutes at an interval of half minute each—from 
which rate of Cooling can be calculated, 


(iv) Repeat the Operations. (iii) and (iv) of method A. The mini- 
mum temperature should be 2 to 3°C below the room temperature. 
From the observations of temperatures, after the record of minimum 
temperature, rate of heating can be calculated. 


(V) Repeat the operation (v) of method A and find out the mass 
of ice added. 


per mini 


Room temp, 


Rate ofcvoling © Rate of heating 
per i тіп. 


-- 


(Fig. 2.16) 
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(Уі) Enter your results in a table. Adopting the usual method 
calculate the rate of cooling at a temperature say #1 (which is above 
the room temperature) and the rate of heating at another temperature 
Say s (which is below the room temperature). Finally plot these 
two points indicating rate of cooling at 11°С and rate of heating at 
tC. Joining these two points, obtain the required cóoling-heating 
curve. The nature of this curve is shown in the figure 2.16. 


(vii) From the cooling-heating curve, obtain the correction for 


each interval giving due attention to the sign of correction (i.e. cooling 
should be added to the temperature at the end of the interval while 
heating up to the end of any particular interval should be subtracted 
from the temperature at the end of that interval). Obtain the correct 
temperature that would have reached, if there would have been no 
transfer of heat either from or to the calorimeter and its contents. 


(viii) Repeat the operations (viii) and (ix) of method A. Finally 
with the knowledge of mean corrected minimum. temperature, 
calculate the value of L. 


Observations 


Draw the table to enter the observations similar to that given in 
method A. 


TABLE I 


Time-Temp. Record 


1 2 3 ай |5 6 7 
Cooling |Total coo- Average 
ч Temp. of ANON during (ће he at the| Corrected. | corrected 
_ Time waterin joc Pa interval | end of Temp. minimum 
in min, | calorimeter (сао of ТОП! COl] interval in °С temp. 
in °C interval of ing curve mier in9C 
in half min. | рос in °C 
н E 
0 31°55 31°55 0 à 
$ 31:55 31:55 0 
1 31°55 31:55 0 
1 31:55 31 55 0 
2 31°55 31°55 0 
2% 31°55 31°55 0 
3 31°55 31:55 0 
Ы) жас ЖЕ x 
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Calcuiations 


Mass of the calorimeter-+stirrer 280:561 gm. = m gm. 
Mass of the calorimeter+stirrer+-water contained in it 
—154:662 gm. = w gm. 
.. Mass of water taken = 74:101 gm. =m, gm. 
Initial temperature of water and calorimeter = 31:55°С = #,°С. 
Final (corrected) temperature of mixture after addirig the ice 
22412С--186, 
Temperature of ice = 0°С. 
Mass of calorimeter-+stirrer--water taken+ice added 
= 159-460 gm. = и’, gm. 
2. Mass of ice taken = 4:798 gm. =m gm. 
2. Latent heat of fusion of ice 


iy етуий) ш, cal./gm. . 
тә 03 
--79:12 cal./gm. 
Standard value —79-7:cal./gm. 
95 error = 073%. 

Precautions. (i) Observe all the precautions mentioned in other 
experiments on calorimetry. 

(ii) Before adding to water, dry the ice lump properly with the 
help of blotting paper. 

(iii) Use a single lump of ice as far as possible. Never use a large 
number of small pieces of ice. 

(iv) Use the stirrer of perforated disc type. 

(v) Always keep the ice well inside the water and don't allow 
it to float. 

(vi) Use a magnifying glass to read the temperature. 


ASSOCIATED EXPERIMENTS 


1. Determine accurately the specific heat of liquid. No heating 
arrangement is supplied. 

Hint. In place of water, take the given liquid in the calorimeter. 
Proceed as in the experiment for the determination of latent heat of 
fusion of ice. Correct the final temperature for radiation loss of heat 
and taking the latent heat of fusion of ice as 80 cal./gm. calculate the 
Specific heat of the given liquid by the usual method of equating 


heat loss to heat gain: 
If the latent heat of fusion of ice is not supplied, take water ina 
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1 2 3 4 5 Gu 1 


— ' | Average | Cooling Tou Average 
тїшє | Tomerat | пазе HERE, ров ad Сотуна | conecte 
іп min. | calorimete | interval: |fronr cool- gm теср. ена 
in °C сав а Sm in °C in °С 
Ice was 
dropped 
3} 26:19 28: 87 0:0176 0:018 26172 
25-46 2582 | 00383 | 0056 25:404 
44 25:49 25-48 0:0405 0:096 25:394 
5 25:53 25:51 00402 | 0137 | 25:383 
5% 25:56 25:54 | 00400 0:177 25:383 
25:60 25:58 | 00397 0:216 25 384 
61 25-65 25:62. 0:0395 0:256 25:394 
7 | 25°70 25:68 00391 0:295 25:405 
7%: |2574 25:72 0:0388 | 0:334 25:406 
8 25:77 25:76 0:0386 0:373 25:397 
8} | 25:81(а) 25:79 0:0384 0412 25:398(M) 
91 | О ЕЕ 00220 REN 25:410 
"30(c 5:8 0:0378 "488 25:412 411 
10 25:94(d) 25:92 0:0376 | 0'525 25415 25% 
104 25:98(e) 25:96 0:0374 0:562 25:418 
il 26'01(f) 26:00 0 0371 0:600 25:410 
111 26:05(в) 26:03 0 036 06 
12 26:08(h) 26: (0208 Өл | (25414 
12} | 26-12) Жл lowe, | gee 25407 
13 26160) 2010 0:0362 0:709 25411 
0:0360 0:745 25:415(N) 
= eee ee eS - 
TABLE И 
5 Rise of | Ave 
Int rage 
he of | Rise of temp. | temp. for | rise for | Average Average of tën 
: in °C 25 min. | 2} min, | ise for 4| ^Y ag mp. 
оС inoc |min.in оС) 11508 of te 
коес | пос EM. 
From (a)th to Ы 
(f)th reading m 9 0:20 t= 
From (b)th to 25: j 
i 5°86 to 0:19 а+Ь+.-] 
th ы La 
(g)th reading 26:05 10 
From (c)th to 25:90 25:99 
n to " md 
(h)th reading і 26:08 018 „| 0-186 0:0372 
From (d)th to ы 
(threading | 20220 0:18 
From (e)th to 25: 
(ith reading RE e 018 


cou. 0o oll] E LS 


LATENT HEAT 


0.05 


=0.005°C) 
o 
= 
ғ 


in 9t — l1 big divn. 
e 
S 


Temp., 


26 2 29 30 
Temp. in °C —> (1 big divn.=1°C) 


(Fig. 2.17) 
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vessel and surround it completely by ice till water attains the lemp. 
of 0°С. 

Now, take the given liquid in the calorimeter and repeat the above 
experiment adding ice-cooled water in place of ice to the liquid con- 
tained in the calorimeter. Correcting the final temperature of the} 
mixture for radiation loss, calculate the specific heat of the given 
liquid by the usual-method of mixture. 


2. Determine the quantity of heat absorbed when 15 gm. of hypo is 
dissolved in 200 c.c. of water. 

Hint. Take а calorimeter. Clean, dry and finally weigh it. Next 
place 200 c.c. of water inthe calorimeter and again weigh it—the 
difference of the two weights will give the mass of 200 c.c. of water. 
Note the initial temperature by a sensitive thermometer. 

Now, put the given amount of hypo in the calorimeter when 
temperature will begin to fall. Correcting for the radiation, determine 
the final temperature and hence the fall of temperature Ө. 


If m be the mass of calorimeter and stirrer made up of the material 
of sp. heat s and m, be the mass of 200 c.c. of water, then amount of 
heat absorbed. 

=(ms+m))0. 


Since the other quantities are known, calculate the required quan- 
tity of heat absorbed. 


NEWTON'S LAW OF COOLING 


EXPERIMENT 9. To verify Newton's Law of Cooling. 


‘A ррага!их. 


sh Two small and exactly indentical calorimeters, а 


ып Е. vessel with lid, two thermometers (one sensitive and 
9 inary), stop watch, heating arrangement, measuring cylinder 
alance, weight-box. i ; 


Description of A 
pparatus. The double-wal ists 
of two rectangular chambers made of bra нЕ о. 


figure 2.19. $$ or copper as shown iR 
i CORPO Des pb these two chambers is filled with water 
coh елеп pi о Evie Constant. The covering lid of the 
tubber stopper MM _ ane it has two holes provided with bored 
the temperature of Rati 25 ү, ш for ae ы. 
thermomete: : No € lower par ms О 
Е ER XU With two more та. а АЕ, 
$. These calorimeters Temain suspended. The 


‘and radiation. This rate 
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two calorimeters are exactly identical in all respects (mass, shape, 
size, metal), They are coated with lamp black from outside so that 
the heat islostto the surrounding mainly due to radiation when 
warm liquids are placed in them. The calorimeters are filled with 
liquid up to a mark engraved in the inner surface so that equal 
volumes of different liquids can be put in the two calorimeters. In 
the space between the two chambers, a thermometer is also placed 
to note the temp. of the surrounding water. With the help of this 
apparatus Newton's law can be verified or the specific heat of a 
liquid can be determined by the method of cooling. 


Theory. When a body is heated and placed in a surrounding 
maintained at a lower temp. than the body, it loses heat by way of 
conduction, convection д 


of loss of heat is expressed 
in terms of Newton’s law 
of cooling which states 
that rate of loss of heat 
from ihe body is 
directly proportional 
to mean difference of 
temperature between the 
body and the surrounding 
provided other conditions 
remain constant and. the (Fig. 2.19) 


difference of temp. is 
small. The rate of loss of heat depends on area of the exposed 


surface of body, nature of surface, and the excess of temp. of body 
over that of surrounding. 


Liguid Water Water 


If Ө is the initial temp. of the body, ® the temp. of the surroun- 
ding and 50 be the heat lost in time 8f then the rate of loss of heat 
can be expressed mathematically as 


dQ 219 % 
- Ke СА) (1) 


where k is а constant depending on the area and the nature of surface. 


Let m and s be the mass and the specific heat of the body. 


T. B. P. РНУ.-12 
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If a be the rate of cooling, then equation (1) can be expressed as 


— ms = k(0—9,) 


Ifa graph is drawn between 2 along y-axis and excess of temp. 


along x-axis then it will be a st. line. 
Tf the initial temp. of the body be Ө, and it falls to ө after а time 
1, then 
ө 


t 
| ка 
(0—90) ; 


‘i 
0 t 

[log(0 — 6)] =[— Ki] 
9 0 


ог log (6— ®,)—1ор (0;—9) = — Kt .- (2) 

Here (0,—9,) is constant, therefore the graph drawn between 
log (0-6) and t should be a st. line. 

Procedure. (i) First of all, take out a calorimeter from the en- 
closure; clean and dry it. Blacken the outside of the calorimeter 
with the help of a sooty flame and replace it in the enclosure. 

(ii) Take another vessel. Put some liquid in it. Heat it to a temp. 
of 60°С nearly. Take some heated liquid in a measuring cylinder 
and fill the calorimeter about three-fourth with the heated liquid 


taken in the cylinder. Place the cover of enclosure in its position and 
insert a thermometer in the liquid in the calorimeter through the hole 
in the covering lid. 

(iii) Stir the liquid well and note the reading of thermometer at 
the interval of every 3 minute or 1 minute till the temp. of hot liquid 
in calorimeter has fallen sufficiently. 

[Occasionally, note the reading of the thermometer inserted in 
water of the enclosure. If there is any change in it, replace it with 
fresh water and repeat the expt.] 
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OBSERVATIONS 
TABLE I* 

к da | с и ы 
0 59-4 7280 314 1:497 
1 571 28-0 297 1473 
ate 56:25 28:0 28:25 1:451 
3 547 28:0 267 1:426 
4 53-3 28-0 253 1:403 
5 521 28:0 241 1:382 
6 50:95 28:0 22:95 1:361 
7 49-9 28:0 219 = 1:340 

8 48:95 28:0 20:95 1:321 
9 480 28:0 200 1:301 
10 4715 28:0 1915 1:290 
m 460 28:0 18:0 1:255 
12 45:25 28:0 17:25 1237 
13 445 28:0 165 1217 
14 43-9 28:0 15:9 1:201 
15 4335 28:0 15:35 1:186 
16 42:8 28:0 148 13170 
17 42-2 28:0 14-2 к 
18 T 41-8 28:0 13:8 1-140 
19 412 28-0 132 1121 
20 40:75 280 12:75 1:105 


----------------------------- 
Calculations and Graphs. (i) Plot graph with time along x-axis and 
temp. along y-axis. It would be a curve as shown in fig. 2.20. Choose 
a number of points on the curve and determine the slope of the curve 


; do 
at these points. The slopes give the values of т at these temperatures. 


*Table based on readings from graph 2.20. 
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60 


divn.=0.2 °C} 


TEMP., IN °C—»(One small 


38 


0 2 & 6 8 4 2 % 16 18 !20 22 
|. TIME, ІМ MINUTE -->( One small divn.= 0.2 minute) 


(Fig. 2.20) 


——— 
Temp. of |» Value of Excess of 


enclosure | temp. (6°C) temp. Esco атары ERROR, SHEER do 


9С from graph. 90—90, dt T 
28:0 55:0 270 2 r5 1:33 
28:0 5115 23:15 43 4 107 
28:0 471 191 38 4 0:95 
и pn 
280 44-4 164 | 315 4 0:79 


чү 
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‹  (ii)-Draw another graph with excess of temperature (0 — 0%) along 


— | One small divn.=002 1 


de 
"dr 
e 
i 


4 8 2 16 20 24 28 32 36 
(8-85) —— (One small divn.=0.4°C) 


(Fig. 2.21) 


x-axis and 2 along y-axis. It will be a straight line, proving the 


validity of Newton's law of cooling, as shown in fig. 2.21. 


(iii) Draw another graph with time along x-axis and log (0—9,) 
along y-axis, This would be a straight line as shown in fig. 2.22. 


Conclusion. Тһе nature of the graph supports Newton’s law of 
cooling. 


Precautions. (i) Do not raise the temperature of the liquid to 
its boiling point. 


(ii) The calorimeters should be properly suspended in the enclosure 
in order that it does not touch the sides of the enclosure. 


(iii) Note the thermometer carefully. 


2 
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EXPERIMENT 10. Determination of the specific heat of a liquid by 
method of cooling. 


Apparatus. Same as in the expt. 9. 


Theory; When а body is heated and placed іп а surrounding 
maintained at a lower temperature to cool, it loses heat by way of 
conduction, convection, and radiation. This rate of loss of heat is 
expressed by Newton’s law of cooling which states that the rate of 
loss of heat from the body is directly proportional to the mean 
difference of temperature between the body and the surrounding 
provided other conditions remain constant and the difference of 
temperature is small. Thus the rate of loss of heat depends on 

(a) the nature and area of surface exposed from which heat is lost, 

(b) the difference of temperature between the body and the 
surrounding. 

As the two calorimeters are indentical, their water equivalents are 
the same. 


Let w be the water equivalent of each calorimeter, 
m,=mass of first liquid іп one calorimeter, 
5, — specific heat of first liquid, 
1, — time taken by the first liquid to cool from a temp. 0,°C 
to %2С, 
m= mass of second liquid in the other calorimeter, 
$9 — specific heat of second liquid, 
е = бте taken by the second liquid to cool from the same 
range of temperature 0,°C to 89C. 
-. Heat last by first liquid in time г; 
ы =(m,5,+W) (61--0:) cal. 
2. Heat lost by the first liquid in per unit time 
| ensem (Cort) (1) 
1 Р 
Heat lost by second liquid in time 1; 
= (таам) (0; — 05) 
+. Heat lost by second liquid in per unit time 
nass -Ни) (0, — 0 
T тан) CaO) nU) 
VO Ron loss ^ heat under the similar condition of temperature 
, а апа nature of surface exposed, must be the same 


log (9-6»}—>(О0па small divn.-0.005] 
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Time in minute —>i Опе small divn.=0.2 minute) 


(Fig. 2.22) atc 
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and so 
(тузу-Е%”)(Өз — 9) e (n252 +W)(01 — 93) 
УД 1 te 
Msı +W _ Тоба 
m 1 k 
or аа. Ҹ is) 


MSetw te 


Tf one of the liquids, say the second one, is water then 54—1. 


t 
my Ew 2- та») d та mee )-w 
2 2 


АЩ (ња) .. (4) 


Procedure. (i) First of all, take out both the calorimeters from 
the enclosure, clean and dry them. Blacken the outside of the calo- 
rimeters with the help of a sooty flame. Determine the weight of 
empty calorimeters and stirrer and place them in their respective 
positions. Fill the annular space between the walls of the enclosure 
with cold water so that the inner chamber forms a bath of steady 
temp. Insert a thermometer in it. 


(ii) Take two separate vessels. Place sufficient quantity of the 
given liquid in one vessel and water in the other vessel. Heat both of 
them to the same high temp. say 60°C. Pour the heated liquid into a 
measuring cylinder and transfer measured volume of the liquid from 
the measuring cylinder into one of the calorimeters till nearly three- 
fourth vol. of calorimeter is filled. Wash the measuring cylinder and 
put heated water in it. With the help of this measuring cylinder 
transfer equal volume of water (as that of liquid) to the other calori- 
meter. Replace the lid over the double-walled enclosure and insert 
the thermometers in the calorimeters. 

/ (iii) Stir both the liquids gently and read the temperatures at the 
interval of every 1 minute with the help of a stop watch till the 
temperatures fall below 40°C. Readings should be noted when 
the two thermometers indicate approximately the same temp. The 
following method should be adopted for convenience in taking the 
readings. Note the reading of the thermometer immersed in liquid 
when the seconds hand of the stop watch is at 60 and note the 
reading of the thermometer immersed in water on the other 
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calorimeter when the seconds hand is at 30. In this way continue 
to take reading till the temp. falls below 40°C. 

(iv) Take out the calorimeters with their contents from the en- 
closure and allow them to cool to almost the room temp. Remove 
the thermometers and weigh them with their contents separately and 
hence determine the mass тү and m; of liquid and water respectively. 

Note down the specific heat 
of the material of the two 
calorimeters from the table of 
constants and hence find out 
the water equivalent of the 
calorimeter. 

Draw two cooling curves 
on the same graph paper as 
shown in fig. 2.23 for the liquid 
and water both. Determine 
from them the times & and tə (Fig. 2.23) 
taken by the liquid and water respectively in falling from the same 
temperature 0,°C to ө2С. 


—>Тетрт'С . 


— — Time іп min. 


OBSERVATIONS AND CALCULATIONS 


Mas of the calorimeter with lid and stirrer, m=157°983 gm. 
» » » » 0» zh liquid, w, = 264823 gm. 
» » » » » + Water, Ws =278'403 gm. 


Time-Temp. record 


Temp. reading for water Temp. reading for liquid 
а= те аА 
мо, of Temp. of Temp. of 
obs. о Ма пш 2n Sum in ЕЕ Do in Tempi in 
ding in 9 ding in ^C ; 
— 1 | 2980 0 41:20 29:80 0 41:20 
2 1 40:95 1 40°82 
3 2 40-72 2 40:45 
4 3 40°50 3 40:08 
5 4 40:26 4 3972. 
6 5 40:04 5 39°35 
7 6 39°84 6 38:98 
8 7 39:65 1 38:62 
9 8 39°45 8 38:27 
10 9 39:25 9 37:95 
i ar EE 
“8 Е 
n Е 3706 
3678 
36:50 
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r e a 22 2 СО ЗВНННЕ СИНЕН ЕНРЕНИЕИРНИБЕ. 


Temp. reading for water Temp. reading for liquid 
No. of 

Obs. | Temp. f| time in | Temp. in Jemp. Of Time in | Temp. in 

| inginoC| шіп. ec lingincc| шіп. ос 

1 

16 | 15 | 3818 15 36:20 
17 16 | 3800 16 35:92 
18 17 | 37:84 17 35:65 
19 18 37:70 18 35:39 
20 19 | 37:55 19 3515 

| 


д 


18 20 22 


io 16 
Time, in minute — (15тай мт, =.0-2 min.) 


14. 


12 


(Fig. 2.24) 
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From the graph— 

The time (4) required by the liquid in falling from 40°C (0,) to 
38°C(0,) = 5:60 min. i 

The time (4;) required by water to fall through the same range 
—10:60 min. 

Mass (m) of the liquid taken = (w,—m) =106°84 gm. 

„ (ту) of the water taken = (и —т) = 120°40 gm. 
5 the sp. heat of the material of the calorimeter =0:094 
Its water equivalent w=ms= 14:84 gm. 
5,=0°53 cal. per gm. per °C. 

Result. 5,=0°53. 

Precautions. (i) On the graph choose a large range of temperature 
for calculating tbe time of fall. 4 

(ii) The nature of the external surface of the calorimeter and 
the temp. of the enclosure should remain the same in the two cases, 

(iii) In case of inflammable liquids like kerosine oil, do not raise 
the temp. too high otherwise it may catch fire. 

(iv) Do not raise the temp. of liquids to the boiling points. 

(v) The two calorimeters should be properly suspended in the 
enclosure in order that they do not touch the sides of enclosure. 


ASSOCIATED EXPERIMENTS 


1. Compare the specific heat of the liquids supplied. 


Hint. Repeat the experiment for the determination of specific 
heat of liquid by the method of cooling. First perform the experi- 
ment with one liquid and then repeat it with the second liquid taking 
in the same calorimeter. In each case, determine the times of cool- 
ing of liquid for the same interval of temperature. Finally, employ- 
ing the relation (3) in the theory of the above experiment find the 
ratio of specific heats 51 and 5% of the two liquids. 


CONSTANT VOLUME AIR THERMOMETER 


Expt. 11. Measurement of the coefficient ofincrease of Pressure of 


air at constant volume. 

Apparatus. Constant volume air thermometer, 
meter, water bath and an arrangement for boiling water. 

Description of the apparatus. It consists of a glass bulb B ok 
temperature can be varied by means of immersing it in a water 


mercury thermo- 
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provided with a thermometer 
T and astirrer S. The bulb 
contains some well dried air 
and is connected by means of a 
capillary tube bent twice at 
right angles to a wider glass 
tube G, having a mark at M. 
The lower end of Gis joined to 
another glass tube EF of 
relatively wide bore, with a 
thick-walled Indian rubber 
tube. Glass tube EF serves as 
a mercury reservoir and can 
be raised or lowered at will 
along a vertical stand and may 
be clamped at any position. 
The whole thing is mounted 
Properly on a vertical wooden stand provided with levelling screws at 
the base and a vertical wooden scale 5,5, is attached to it between 
G and EF so that the difference of mercury level in G and EF can be 
measured. The part of the tube EF, the whole of the rubber tube 
and the tube DG up to M contain pure and dry mercury. The res- 
ervoir is raised or lowered so that the level of mercury inG is made 
to coincide always with mark М made оп it to ensure constancy of 
the volume of air enclosed in the bulb B and the tube K. The 
Pressure of air enclosed in the bulb B and tube K is determined by 
noting the difference in the levels of mercury in the two limbs and 
addding this to or subtracting it from the atmospheric pressure as the 
case may be. For accurate measurement of the difference of levels 
of the mercury surfaces, the apparatus should be so arranged that 
the two limbs may be close together beside a paper scale attached to 
the frame. Dry air free from CO. is introduced by passing it through 
à side tube K containing CaCl, and soda-lime. 

Theory. If the volume of the given mass of gas is kept constant 
and the temperatures of the Same mass of the gas is allowed to in- 
келс; then it is found that the pressure also increases for each degree 
centigrade lacrease of temperature. The pressure increases by a 
postani fraction of the pressure at 0°C. This fraction is called the 
pressure coefficient y, of the gas at constant volume 
` ТЄ po be the pressure of the gas at 0°С с 
С (both at a constant volume), then 


1° and р be the pressure at 
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р-р1--ты) 
А р — ро 


,. = . 
Po-t 
Similarly if p, be the pressure of the enclosed air at /,?C and p, be 


the pressure of the same mass of gas at /,?C when the volume is kept 
constant, then 


Pi— PA te.) 


and Pa — ро(1 ть.) 
Рі. locYeí 
Ра leds 
Yo Ра- Рі 


© Pity dati 


' Procedure. (i) Make the apparatus vertical with the help of a 
plumb line and levelling screws attached to its base. If the levelling 
screws are not provided in the instrument, then use a few small wooden 
wedges. Now takea beaker sufficiently large to accommodate the 
glass bulb B and fill it with water so that the bulb B and as much 
of the tube K as possible is completely submerged at room tempe- 
rature. Immerse a mercury thermometer graduated up to 100°C 
in the bath close to В. Let a piece of cork fixed to the end of the 
stirrer S in the bath serve the purpose of handle of the stirrer. 


(ii) See that the stop-cock C attached to К is tightly fitting. If 
it is not so, then lower the reservoir EF so that the mercury level in 
tube G is a little below the mark М. Now take out the cock and put 
a little vaseline over it and restore back to the same position to ensure 
that the tube is air-tight. 


(їй) Adjust the position of the reservoir EF so that the mercury 
level just touches the mark M in the glass tube G. Read the levels 
of mercury in Gand EF. The use of set squares may be helpful in 
taking these readings as one edge of it is placed parallel to the scale 
and the other edge (at right angles) is set tangential to the mercury 
meniscus. After stirring the water, the temperature of the bath is 
noted by the thermometer. Note down the height of barometer. 


(iv) Heat the water in beaker slowly, until the temperature rises 
by about 8°C by a bunsen flame. Maintain the temperature of the 
bath constant properly for about five minutes near about that value 
by manipulating the flame of the burner. Due to rise of temperature 


№ 
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of the gas in the bulb B, the gas expands and the mercury levelin G 
will be depressed below M. Stir well and raise the arm EF to bring 


the mercury level in G again at the constant mark M. See that the 
mercury level in G just touches the mark M. Note down the readings 


of the scale corresponding to the free surface of mercury in EF and 
G and read the thermometer. 


(v) Raise further the temperature of the bath slowly by steps of 
8° and repeat the process (iv). Continue taking readings till the tem- 
perature is about 100?C. Note the height of the barometer and the 
temperature of the bath. But before taking final readings keep the 
temperature of the bath steady for about 4 to 5 minutes in each case 
because the air inside the glass takes time to attain the temperature 
of bath due to the fact that glass is a bad conductor of heat. 

(vi) Next remove the burner and allow the water in beaker to 
cool, taking care that the mercury in G does not go over into the 
bulb B and for this, lower the reservoir EF so that the level in G 
is much below the mark M. Stir the water continuously as the tem- 
perature falls. Again take readings of mercury levels for the same 
temperatures for which redings of pressure had been taken when 
the temperature of the bath was rising, keeping the volume constant. 
This should be continued till the room temperature is attained. Note 
the height of barometer again and determine the mean barometric 
height. Let it be H cm. of Hg. 

(vii) If time is available, then two or three readings should be 
noted for temperatures below the room temperature by adding ice 
to water. 

(viii) Calculate the difference of scale readings (h) corresponding 
to the constant mercury level at M in tube G and the mercury level 
in the reservoir EF at each temperature. Thus the pressure of gas in 
bulb B at any temperature is equal to the barometric height plus or 
minus the difference of mercury levels in G and EF at that tempera- 
ture. Mathematically it сап be shownas H th. Pressure of the 
ан +A) ог H —h) according as the mercury level in the 

is above or below the constant mercury level at M. 
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(ix) Record the results as shown below in the table. Note the 
readings for the mark M at the top of the table. Then, calculate 
Y» from the mean pressures obtained at different temperatures taking 
the Ist and the 6th, the 2nd and the 7th and so on and finally obtain 
the mean value of yy. 

(x) Then plot the graph between the temperature of the gas as 
abscissa having zero as origin and the pressure exerted by it in cm. 
of mercury as ordinate. The graph would be a straight line. On 
the graph, note two pressures p, and pa corresponding to two chosen 
temperatures 1, and f, and calculate y, from these data. 


The pressure of the enclosed gas at 0°С can also be obtained from 
this graph by extrapolation. For this produce the straight line to 
cut the y-axis for t —0. The point of intersection of this st. line with 
y-axis for t=0 gives the value of ро. The value: of y, can also be 
calculated from the formula 


Е 
= 
È 
i 
| 


9 20 40 60 80 100 
— Temp. in °c 


(Fig 2.26) 


Now plot another graph on a smaller scale of temperature along 
x-axis and mean of pressure along y-axis. Then produce the st. line 
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ems, 


—Pressyre т 


oa 
273°C о 


20 40 бө 80 


— — Temp. т`с 


(Fig. 2.27) 


so obtained towards the side of lower temperature. 


OBSERVATION 
(A) Barometer Reading 


Smallest division of main scale —0'1 cm. 
20 v.d. =19 s.d. 


Е 1 
M00 LC--1D sd. =z 54. 


| Barometric height 


100 


The intersection 
of this st. line with the x-axis (temp. axis) gives the absolute zero. 


о у ——- 


No.of] Time of | Меап 
obs. tecord Scale ~ [height (Н) 
Reading|Vernier | Vernier Readingx | Total in cm. 
in cm. |Reading L.C. jn cm. 
PE ce 
1 [Before expt. | 75:6 9 9х0:005 —0:045 15:645 
Middle of : 
expt. 75:6 | 10 |10x0005—0050 | 75650 | 75°65 
3 |АНег expt. 75:6 11 11x0005—0:055 | 75:655 
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Calculation : 

Mean 7,=0°00362 per °С. 

Standard value of y, — 0:00366 per °С, 
4. % error=1:09%, 
From Graph, 


Absolute zero = —272:5 °С. 
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ы pep л 
7255 

% еггог= +0:27%. 

Precautions: (i) The bores of the tube Gand EF should be the 
same to avoid the error due to capillarity. 

(ii) The temperature of the bath should be kept constant for at 
feast 5 minutes at each observation by proper manipulation of burner. 

(iii) The bath must be well stirred. 

(iv) The air to be introduced should be made dry before intro- 
duction, As the vapours do not obey the gas laws properly, presence 
of even a small quantity of moisture will affect the result. 

(v) At the end of expt., the open limb of the apparatus should 
фе lowered enough to avoid the suction of mercury in the bulb В. 

(vi) The apparatus and the scale should be vertical. 

(vii) In taking the readings of mercury levels, the error due to 
parallax should be avoided as far as practicable. 

(viii) Mercury used in the manometer limbs should be pure, 
because if it is impure, it may stick to the walls of the tube. Hence 
before taking final observation, the limbs should be tapped. 

(X) As the expansion of the bulb has not been considered. 
‘during the experiment hence vy, 50 obtained should be corrected. 

(X) Аз it becomes difficult to maintain the temperature constant 
above 60?C usually, hence the rise of temperature is preferred by 
5°C at a time instead of 8°C. 


= 0:00367 per °С. 


ASSOCIATED EXPERIMENTS 


1. Determine the melting point of the given substance using a 
‘constant volume air thermometer. 

Hint. Draw a capillary tube and break it somewhere in the middie. 
Heat the given substance in a crucible. When it melts, introduce the 
molten mass in the capillary tube. Seal one end of the capillary. Hold 
the capillary tube in hot gases just above Bunsen flame and slightly 
tapping the tube, remove the air bubble, if any, present in the molten 
mass. Break about 10 cm of the capillary tube. 

Now set up the constant volume air thermometer surrounding 
its bulb completely with ice all the time. Adjust the height of the 
reservoir till the level of mercury in the left limb of the apparatus” 
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touches the mark M. Read the difference of levels of mercury im 
the two limbs. Wait for five minutes and in the mean time take two 
or three more readings to check the accuracy, Take also the reading. 
of the barometer. 

Next, tie the capillary tube to the bulb of the apparatus and place 
the two in the water bath. Heat the bath when temperature of the 
bath will increase and after some time, the given substance in the capi- 
Цагу tube will begin to melt. Keeping the mercury level in the left 
limb touching the mark M, read the difference in the levels of 
mercury in the two limbs when the substance melts, Take also the 
barometer reading. 

Now, raise the temperature further and finally maintain the bath 
at the boiling point of water, Adjust the height of the reservoir and: 
keeping the level of mercury touching the mark M, read the difference 
of levels of mercury in the two limbs. Also take the barometer reading. 

Stirring continuously allow the bath to cool. When the subs- 
tance just solidifies, read the difference of levels of mercury in the 
two limbs in the usual way, and also take the barometer reading. 
If time permits repeat the above operation thrice, 

Calculate the pressures of enclosed air (which will be equal to the 
barometer reading + the difference of levels in thetwo limbs, depen- 
ding upon whether the level of. mercury in the left limb js lower 
or higher than that in the right limb) at temperatures of melting ice 
boiling water and melting and solidifying substance, 
readings would be practically constant during the who 
If not, associate the difference of the levels with the 
barometer reading. Also, from the observed baro 
at boiling point of water, calculate 
following data. 

At pressure 760 mm., the boiling point of water is 100°C and per 
26 mm. decrease of pressure, there is a decrease of 1°С temp. in the 
boiling point. 

Now, plot the temperatures 0°С, and the boiling point of water 
and the corresponding pressures. Join the two points by a Straight 
line. From the graph, find the temperature Corresponding to the 
mean pressures for the melting substance. This will give the melting 
point of the substance given. 


r 


The barometer 
le experiment. 
corresponding 
meter reading 
its temperature from the 


2. Using a constant volume air ther 
the following graduations of the given 
45°C, 50°C and 55°C, 


mometer test the correctness of 


mercury-in-glass thermometer : 
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Hints, Repeat the above experiment and taking two readings 
-of pressures corresponding to the melting ice and boiling water, draw 


га straight line graph. 


Now, put the bulb of the apparatus in a water bath and also 


suspend a mercury-in-glass thermometer in it. 


Stirring all the 


time, heat the water bath. Adjusting the height of the reservoir in the 
usual manner, read the difference of pressures in the two limbs when 
the thermometer reads 45°, 50° and 55°C respectively. Noting 
the barometer reading, calculate the total pressures ру, р and рз 


Corresponding to these temperatures. 


From the graph, find the temperatures corresponding to these 
pressures, These temperatures will give the actual values ‘of tem- 


‘peratures 45°, 50? and 55°C. 


CONSTANT PRESSURE AIR THERMOMETER 


‘EXPERIMENT 12. Determination of the coefficient of gas at constant 


pressure. 


Apparatus. Constant pressure air thermo- 
meter, ordinary mercury thermometer, boiler, 
‘beaker, 


Description of apparatus. CONSTANT PRESSURE 
‘AIR THERMOMETER : It consists of a U-tube DB 
the end В of which is open to atmosphere, and is 
terminated in a funnel Е The other end is 
terminated by a bulb A (25 cc.). А part of the 
stem of D adjacent to A is graduated in cc. 


The U-tube has a short tube attached 
to its bend which serves as an outlet. This 
‘outlet tube is provided with a stop-cock 5 
‘by which any excess liquid (acid) in the U-tube 
жап be drained out and can be operated from 
‘outside. The U-tube is placed in a water- 


H 
em 
= 


UU 4 
Steam ud Steam 
(Fig. 2.29) 


‘bath contained in an outer jacket F and the quantity of water 
is so taken that the air-bulb A is completely immersed in it but the 
open limb В projects out. This outer jacket F is made of thick glass 
"cylinder whose bottom is closed with the help of a stout rubber cork 
Ж. А bent copper tube E is іп the form of inverted U and enters 
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through this cork into the water-jacket and leaves it again through the 
same rubber cork so that its free ends are outside. The stream 1s 
passed through this copper tube and by regulating the supply of steam, 
the temperature of water bath can be maintained at any desired value. 
A thermometer Т is suspended in water-bath near the bulb А and 
records the temperature of the bath. The bath is stirred constantly 
by a stirrer S}, to keep the temperature uniform, by means of a string 
attached to its upper end going round a pulley at the top. Conc. H,SO« 
is poured in the U-tube from its outer mouth Fand the levels of the 
acids in the two arms are always kept in the same horizontal 
plane either by adding acid or by draining off the acid in a beaker by 
opening the stop-cock S. Тһе air in A is then at the atmospheric 
pressure and its temperature raised and the volume is read from the 
graduation. The whole apparatus is mounted on a wooden frame. 

Theory. If the pressure of the given mass of gas is kept constant, 
the increase in volume of the gas for one degree rise of temperature 
has a constant ratio to its original volume at 0°C. Hence, the co- 
efficient of expansion yp of the gas is given by 


„ ИИ 
т e @ 
where И, and V, are the volumes of a given mass of the gas at 0°C and 
19С respectively, pressure remaining constant. 
If Y, and V, be the volumes of the gas at temperatures 5, and 
1, respectively at a constant pressure then, 
И. = V0 4715.15) 
and Va= V«(12-15.3) 


Уа. 1-Рур 
И, lh 


ИЕ “ай a) 

Procedure. (i) See that the bulb А is completely immersed in 
the water-bath and stop-cock is air-tight. Then suspend a thermo- 
meter near the bulb A in water bath and remove the cork closing the 
mouth F. Pour conc. HSO, in the open arm В until the acid stands 
at higher level than in the closed arm D. Now Open the stop-cock 


slightly and allow the acid of the tube drop by drop in the beaker till: 
the level of acid in both the arms is the same. Stir the bath well and 
then read its temperature and also read the у 


h olume of the enclosed 
air (gas) at room temperature. Note the height of barometer. 
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(ii) Allow the steam to pass through the copper tube Е. The 
temperature of the bath would rise. The temperature rise causes 
the air in the bulb to expand and force down the acid which rises in 
the open limb. The increase of the temperature should be slow and 
it can be regulated by controlling the supply of steam. When the 
temperature has increased by about 8°C, cut off the steam, stir the 
bath well and adjust the levels of acids to be the same in both the 
limbs either by running out the acid by opening the stop-cock or by 
adding more acid to B as the case may be. Thus after making the 
acid levels the same in both the limbs, read the volume of gas and the 
temperature of the bath, 


(iii) Pass the steam again and raise the temperature of water bath 
by steps of 8°C and continue taking readings as in (ii) till the tempera- 
ture is about 100°C, Note the height of the barometer again. 


(iv) The bulb is allowed to cool slowly. Care should be taken 
to see that the fall of temperature should be as slow as the rise of 
temperatures in the operations (ii) and (iii), When the temperature 
has fallen much below 100°C, it would be seen that the fall of tem- 
perature would be very slow and thus more time will be consumed. 
Hence, let the tap-water pass through the outer tube Е. Goon 
taking readings of the volume of the gas for the same temperature 
for which readings of volumes had been taken when the temperature 
was rising, bringing always the acid- levels in the two arms іп the same 
horizontal plane as described in operations (ii) and (iii). 


(v) In case, time is available, add some pieces of ice to the water 
bath and take two or three readings below the room temperature 
as in operations (ii) and (iii). 


(vi) Tabulate the results as in the table shown below and hence 
calculate yp the coefficient of expansion of volume from observations 
1st and 6th and 2nd and 7th and so on. Take the mean of the results. 


(vii) Plot a graph with temperature along the x-axis having 
0°С as origin and mean volume along y-axis. The graph will be a 
straight line. From the graph get V, by extrapolation. Also from the 
graph take a value of the volume V; corresponding to a high value 
of t (75°C) and substitute these quantities in equation (1) to get the 
value of yp. 
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(viii) Draw another graph of temperature and volume as abscissa 
and ordinate respectively and extrapolate the st. line so obtained 
towards the lower side of the temperature. This should intersect the 
x-axis at —273°C which would prove that volume of the gas becomes 


zero at —273°C. It will be found that the value of үр is 


wm 
273” 


Observations and Calculations 


! Volume of enclosed gas іп с.с. 
No. of] Baro- | Temp. 
obser-| meter ос Pry И 
vations) reading Temp. | Temp. | Mean Vt, — Vati 
rising falling 
1 75:55 32:5 264 264 26:4. 4-| 
| -o-o0s0ss 
2 cm 405 2715 27-15 2715 Zo) Tit» 
(of | ->0:003936 
3 |mercury) | 48:5 28:0 28:0 28:0 «reas SS 
| | |--0-003683 
4 56:5 28:7 28-8 Tree nel ЖЩ 23 КЭ, 
5 64:5 294 294 294 32а 
6 249 301 30:1 304: РЗ —— ->0:003745 
7 80:5 308 30:8 308 gda 
8 88:5 31-6 316 316 4«-[——— ——— 


Mean vy, = 0:003858. 
From graph V,- 23:6 с.с. 
At 75°С V4,—30: с.с. 


по Ув 304-286 68 
70х75 23675 1770 


= 0:003854 рег °С 
Standard value = 0 00367 рег °С. 


9% еггог--5:01%, 


—— 
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Precautions. (i) Take care that conc. H,SO, may not fallow 
the body while it is poured in the tube or taken away. 
(ii) As the air and glass both are bad conductors of heat, the 


temperature of the bath should be raised gradually to easure that 
the temperature of the gas is the same as that of the bath. 

(iii) Stirring should be done constantly and thoroughly. 

(iv) Conc. H,SO, should be used otherwise the pressure of mois-- 
ture would affect the result very much. 

(v) The value of Yp thus determined is the apparent coefficient of 
expansion of gas. Coefficient of cubical expansion of glass should’ 
be added to the value so obtained to get the real coefficient of 
expansion of gas. 


RATIO OF TWO SPECIFIC HEATS OF A GAS 


EXPERIMENT 13. Determination of the ratio of two specific heats (ү) of: 
a gas by Clement and Desormes' method. 


Apparatus. A wooden vessel, a glass vessel, rubber cork, three 
tubes, experimental gas, mercury, thermometer, barometer, mano- 
meter, H,SO,. 

Description of the apparatus. А glass vessel С is kept inverted 
in a wooden box W and. 
the space between the 
©) glass vessel G and wooden- 
ЭЯЖҒААА:З box W is filled up with 

non-conducting material. 
The mouth of the vessel 
is closed by arubber-cork 
having three holes 
through which passes 
three tubes Q,, Qaand Q. 
M isa manometer which 
contains light oil and is 
connected to the tube Qı- 
With the help of scale 
S,S,, the difference of 
liquid levels in the two 
Arms of manometer is- 
calculated. The tube Оз 
is connected to the reser- 
Voir of the experimental 
gas through stop-cock Ка. 
The tube О is wide open 


(Fig. 2.31) 
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and is connected to the mercury reservoir R with the help of a rubber 
tube V which can be closed by a pinch-cock P The tube О, connec- 
ted to the manometer M has been enclosed with a stop-cock Кә. The 
slotted shelves L, (upper) and L, (lower) have been attached with the- 
box W in such a way that the neck of the reservoir A is arrested in- 
side the slots. Some mercury is placed in the vessel G above the: 
cock in such a way that the depth of this mercury is nearly 1 cm 
when the reservoir R is at lower shelf Г. In order to keep the 
experimental gas dry, some sulphuric acid is introduced above the- 
mercury through the stop-cock Ki. 
Theory. The ratio (y) of the two specific heats of the gas is givem 
by the expression 
_ log р, – Іов B 


 logp,-loggB ` (1) [for adiabatic compression] 
= 


_ log B -log p, 

log B—log p, 
where p, is the pressure (in gm-wt.) of a fixed amount of gas. 
immediately after adiabatic compression (or expansion) and р» is its- 
pressure (in gm-wt.) when the gas attains room-temperature after 
adiabatic compression (or expansion). B isthe atmospheric pressure 
and measured as B— H x 13:6 gm wt. if H cm of mercury be the- 
Barometric height. 

Procedure. (i) Determine the sp.gr. р of manometric liquid with: 
respect to water at 4°C with the help of a sp. gr. bottle. Then find 
out the Barometric height H cm of Hg to get the atmospheric 
pressure В= Hx 13:6 gm wt. Place the mercury reservoir R at the 
lower shelf L,. Open the stop-cock К, and allow the experimental 
gas in vessel G (which should be kept vacuum unless the gas is air): 
at atmospheric pressure. Allow the gas to remain undisturbed for few 
minutes to attain the room-temperature. Now observe the two: 
arms of manometer after opening the stop-cock Кз and pinch-cock 
P such that the liquid levels in two arms of manometer lie in the 
same horizontal plane. 

(ii) Close the stop-cock Ж, and pinch-cock P. Now raise: 
the reservoir R to the upper shelf L, and open P and K, both so that. 
mercury in reservoir R will now enter G and compress the gas in it 
adiabatically causing a rise of temperature and pressure. Watch till 
the liquid level in the arm: 1 of Manometer is depressed to a. 


minimum level and attains a steady state after few oscillations. 
Now close the stop-cock K, and the pinch-cock P. 


Ly .. (2) [for adiabatic expansion] 
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(iii) Shift the reservoir R again to lower shelf Lo. Open the pinch- 
‘cock P to bring mercury back to R from G. Now watch till the gas 
‘in G attains room-temperature. Afterwards close the pinch-cock P 
гапа bring back the reservoir R to the upper shelf Lı. Again open 
‘the pinch-cock P so that mercury from R moves to С. Close the 
"Sstop-cock К after the completion of re-entry of mercury from R to G. 
It will appear in the experiment that the depressed level of 
"liquid in arm 1 of manometer M remains practically at the same level 
as before. Note down the maximum difference of liquid levels in the 


arms 1 and 2 of manometer, Say, it is №, cm Hence Bi (Ip4- B) 
gm-wt. 


(iv) Allow the gas in this compressed state to stand for some 
time by keeping P and К. open. The gas will return to room- 
temperature. The depressed liquid level in arm 1 will rise to some 
extent. When the liquid levels in the two arms 1 and 2 of 
manometer are steady, note down the difference of liquid levels 


{h cm). Hence D» — (h;p-- B) gm-wt, at room-temp. As pı, p, and В 
are known, the value of ү is calculated. 


Repeat the operations (ii) to (iv) thrice and calculate у in each 
‘case and then determine the mean value of y 


(v) Repeat the experiment in the above manner by filling the 
‘vessel G with the experimental gas when the reservoir R is kept at 
the upper shelf L,. Now lower the reservoir К to the lower shelf Г» 
so that the gas may perform adiabatic expansion. In this state note 
‘down its pressure Pi. When the gas attains room temp. by accepting 
heat from surroundings the pressure p; is also noted. As p, p, and В 
are known, obtain y from the relation (2). Repeat this process thrice 
And get the mean value of y. The mean of the two mean values of 
Ү (one during adiabatic compression and another during adiabatic 
expansion) gives the true value of y for the experimental gas. 


Observations and Calculations 
(A) Determination of the sp. gr. (p) of Manometric Liquid. 
Room temperature = °C =.. ей 
Wt. of clean | Wt. of dry | Wt. of bottle Density of 
No. of | sp.gr. bottle | and empty +liquid | water at гос p= Wa Wy pt 


Obs. | + water at | bottle— W, =(». = Wi—W, 
оаа (w) (w3) (р) iy FR 


————— 


=— | 
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(B) Determination of the Barometric Height (H cm). 


а 7:54. 

УСЗ (dias „от; 

Main scale Vernier Total Mean Atmospheric 

readings readings in| reading in Hincm pressure— B 

in cm (5). cm (V) сш=5- И —Hx13:6 
gm-wt. 


Before Expt. 


(C) Determination of y by Adiabatic compression. 


After Expt. 


5 E Reading in cm. of the two Ы 
шв | 2 arms of manometer Е ae 
= a 
z3 2 i rm [rudem 
8Е| 2 |Arm no. 1 Arm no. 2 Diff.—A | Mean |897’ -logp,—logB: 
aaj 3 к; в: |=(R~R) ^ |ә | 108р:—1088 
=: ри Е] to 
5| 5 ШЕ 
CEEA = 
Z à 
58 
Е 
ч 
58] 1 
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ОСТ ГЕ elt TERR f US IE TEC 
88|2 | 
9 
БЕ ЗА Ее ООВ lt . 
- 
us 
5% 
EL | 
us 
8 28 ен P око СТ Suus 
= 50 = о: 
Е 2] 2 im sar (УзА = a 
h. 1 
S ЕНЕ! 
а 
235 Wis 
v шо К TS ete 2 UMEN m ^ |9 
ger | & |9 
= 
28 
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(D) Determination of 1 by adiabatic expansion. 


ee, 
Еж 


{ 
ing 2 i S 
bo a Reading in cm. of the two = Ep 
£ о arms of manometer T MEE: 
5 24 ES ee 
25 = = te) | дра 
ag [TE eal Е "n 
E 5 Ema т [eje 
© Е 5 Arm Arm Diff.=h 2 || ЕЙ ЕЕ 
е5 о по. 1 no.2 |=(R,—R.), Mean Ва a |se 
95 | R, Ra ar | 2 И, 
* = 
v 2 = 
я 9 ы 
eu] 
‘ба 
ac) 3 
зе e & 2 
5 8 п ооа Часа Б == а; 
5 =h,| м: i 
99 Б К КҮНЫ; ЕЙ Н 
Зр її [9 
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23" 
ге 
Bs | 
б 


True value of y= tte = 


Standard value = 2 
% of error... 


Precaution. (i) In order to get the correct positions of liquid 
jevels in the arms Of manometer one should note down the difference 
of liquid levels in the two arms ОҒ manometer when the oscillations 
of its liquid subsides. As such procedure should be such аз to record 
*he maximum difference of liquid levels in manometer without its 


oscillations when the adiabatic compression or expansion has just 
come to an end. 


(ii) Allow the experimental gas to remain undisturbed until it 
assumes room temp. after each adiabatic compression or expansion. 


(iii) The gas in the vessel G should not be compressed with such 
a force as to blow out some manometric liquid. 
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CONDUCTIVITY OF A SOLID 


{EXPERIMENT 14. Measurement of thermal conductivity of a metal by 
Searle’s method. 

Apparatus. Searle’s apparatus for conductivity of metals, 2 ther- 
mometers reading 1?C (ordinary thermometers) and 2 sensitive ther- 
mometers reading 1?C, boiler for generating steam, constant head 

{water flow arrangement, slide callipers, beaker, balance and stop- 
watch. 


(Fig. 2.32) 


Description of the apparatus, SEARLE’S APPARATUS : It consists of a 
thick polished bar AB of copper about 30 cm in length, 3-4 cm in 
diameter. It is covered with dry felt and enclosed in a wooden box. 
A chamber C is fitted at the end А of the rod in which steam can be 
passed to heat the rod. Near the other end of the bar АВ a spiral 5 
of thin copper tubing is soldered and a steady flow of water is 
maintained through it from a constant head apparatus. The constant 
head apparatus consists of a cylindrical can provided with three tubes 
—one for the inlet (1), one for the const. head (2) and third for the 
connection of side tube F. The can should be placed at a convenient 
height during the experiment. The inflow should be faster than the 
outflow. Excess water goes to the sink through (2). The temp. of 
the incoming water and that of outflowing water is measured by the 
thermometers Тз and T, introduced in the tubes F and б respectively. 
The water enters the spiral tube S from a constant level water head 
L. Two other thermometers T, and Т, are introduced into mercury 
contained in two holes D and E drilled in the rod at a distance of 
nearly 10 cm. between them. Mercury is placed in the holes to 

(ensure good thermal contact. The whole piece of the apparatus is 
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felt-lined and covered іп a wooden case with a removable front to 
prevent loss of heat from radiation. The outgoing water is collected 
in a beaker P as shown in the diagram. 


Theory. Let us suppose that a steady temperature is maintained 
along a bar of cross-section A. Then heat flowing per sec. will be 
given by : 

Q- kat" 1) 
where / is the coefficient of thermal conductivity of the rod; 0; and 
0; are the temp. of the bar at two places, D and E, in the steady state; 
A is the area of cross-section of the bar; / is the distance between the 
two points D and Е on the bar; and О is the quantity of heat flowing 
across the bar in unit time. 

Let 05 and 9, be the temps. of the inflowing and outflowing water 
respectively indicated by the thermometers Tand Т, in the steady 
state of temperature of the bar. Let m be the mass of water flowing 
through the spiral in time ¢ sec. Then quantity of heat absorbed by 
water іп ¢ sec, is m (04 — 03). M 

So quantity of heat absorbed per sec. is given by 

m(0, — Ө, 
=» 22. 8); 


г. kA 9 т(%-0) 
1 i 


jdm (0, — 04) 
At(0 — 05) 


РТИ see 

1 БЕДЕРІНЕ (i) Fill two-thirds of the boiler with water and place 

it i zai ae Apply one or two burners below it to produce 
+ But, do not connect the boiler to the st i 

Tatus at this stage. С aut моа 

о Ан g arry out other operations while the steam 


du ЕВ the Бох and measure the diameter of the rod at 

E nt p. ORAE the slide callipers. Take their mean. Also 

ieee dy i RUE Е the centres of the holes D and Е by a 
tvider and a i 

а, scale. Weigh out the empty beaker correct 


m 1 04-8, 
1 
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(ii) Put some mercury in the holes D and Е. Then place the 
bulbs of the thermometers T, and T, (of 100°C each) and Т; and 7, 
(of 50°C each) at their respective positions carefully, but tightly. 
Close the box and connect the boiler to the inlet of the steam cham- 
ber by a short rubber tube and pass a steady current of steam into it. 
Lead the exhaust steam into a suitable vessel having some water in it, 

(iv) On the other end of the rod connect one end (inlet) of copper 
spiral to the constant water head tap No. (3) Бу a rubber tube. The 
outflowing water from the water tank will run to sink. During this 
interval of time the outgoing water from the other end of spiral 5 
should also lead into the sink. 

Apply a pinch-cock on the rubber tube joining the inlet of spiral S 
and outlet of constant head apparatus and close this pinch-cock. Allow 
water to enter in the tank through its inlet (1) and when the water 
begins to overflow from the tank to the sink through outlet (2), then 
open the pinch-cock and regulate it so that the outgoing water is 
5 c.c. per sec. (You can test it with a stop-watch and a gradua- 
ted cylinder though not necessary). The rubber corks in the tubes 
F and С with thermometers T and T, should be tightly fitting so that 
the leakage of water through them is avoided. 

(v) Adjust the height of the constant head apparatus and the 
rate of outflow of water through the spiral tube such that the temp. 
differences between the outgoing and incoming water is maintained 
at about 10°С. 

(vi) Temp. of each portion of rod would be indicated by the ther- 
mometers 7, and 7,. Note down the temp. of all the thermo- 
meters at intervals of 3 to 4 minutes till the readings of thermometers 
are found to be steady. After half an hour the steady state temperature 
of the rod will be reached, when the temp. Ө, and 9, indicated 
by the thermometers T, and T, become constant. The temp. ө; and 
0, will be constant in this steady state. When this state is achieved 
place the previously weighed beaker P under the exit tube and 
collect about 100 c.c. of water taking care to note the time of collec- 
tion of this amount of water by a stop-watch. 

T. B. P. РНУ.-14 
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(vii) Record the readings indicated by four thermometers. Find 
out the mass of collected water by weighing it. The diff. of final 
wt. of beaker with water and the initial wt. of empty beaker will give 
the mass of water collected in г sec. 


(viii) Repeat the observations three times if time permits. 


Observation and Calculation 


(A) Measurement of diameter, 


Least count of vernier саШрегз = 0:01 cm. 
Zero error=0. 


Diameter along one direction Diameter along perp. direction | 


їп ст (а) in cm (5) ean 
S i | a+b 
VR.x Cor- V.R. 
MS.|V.R.| L.C. [Total rected |M.S. У. | 1.0 [Total С) 2 
; | 
1 |36| 5 | 005 3:65 | 365 | 3-6 |7 | 007 |367 3:67 | 3-66 
тикада аа lag 
кин иы Иш Ж 
арэ (005 Бе) 365 $6 | 5 | oos | ses |" es 3:65 
' | 


Mean diameter (D) —3:65 cm. 


2 a 
ovd: 3:65 
5 4-(2) -.(5%) =10:46 sq. cm, 


(B) Distance between Thermometers T, and Т. 
2. 


1— 10:22+10:204 0:1*--10:224- 10:18 
5 


~ =1020 cm. 


(C) Тіте-Т, €mp. record and calculation, 


Mass of empty beaker (ю) = 100 65 gm. 
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| 
hee 5 ы 2, 
| = Reading of Thermo- | G OT I ке 2218s] x [e 
SN ts meters in (°C) 5 б Seg |81 [591 |в 
ж я = = 259% 2158 © > 
во “| т | oss ое tse] э = 
8 L| Li а= ал ек 2 |8 
E = > ci d & |5,9 [se 
| fe Jamai Tal тат; ets сн е 
0 
4 
І | 8 | 
|o [842] 618] 27 |368 
| 28 | (1) | (8s) | ©,) | (6) |224 | 9-8 | з69-19 [268-54] 123 |0-9321 
0 а 
5 S 
п ES | 1 
... [85 |638|27 | 40-8 | а 
28 | (81) | 00.) | (0) | (0) | 21:2} 13:8 | 27608 |175:43| 120 0:9276 2 
0 
4 
wel] 26 | 
28 | (0,) | (2) | (0) | (04) 


Se TE Б EE sm eee 


Result : = 0:930 cal. per sec. per cm per °C, 
Standard value of k (For copper) =0:918 cal./sec /cm/*C. 


% еггог= 1:395 
Precautions. (i) The diameters should be measured at a number 
of places. Both direct and cross readings should be taken. 


(ii) To ensure steady state the temp. of all thermometers should 
give constant readings for at least three consecutive intervals. 


(ii) То have an appreciable difference of temp. between the 
incoming and outflowing waters only a trickle of water must flow. 


(iv) While collecting water in the beaker P, measure the tempera- 
tures 01, 05, 05, 0, at intervals of one minute and if any slight change 
appears in each thermometer take the mean of several temperatures 
during the intervals in which water is collected. 

(v) Do not displace any part of outflowing rubber tube during 
the time of collection of water. 


212 А TEXT BOOK OF PRACTICAL PHYSICS 


EXPERIMENT 15. Determination of the conductivity of glass by the 
method of Lees and Charlton. 


Apparatus, Steam generator, Lees and Charlton's apparatus, two 
sensitive thermometers, vernier callipers and screw guage. ң 

Description of apparatus. The apparatus is made up of а 
heavy ны Е clamp and metal ring N from which is 
suspended a cylindrical slab C 
made of brass or copper of 
diameter about 12°5 cm with 
the help of threads so that its 
top surface remains horizontal. 
Asteam chamber S rests on 
theslab C. The bottom of the 
steam chamber S is made up of 
thick brass or copper block B 
in which a hole is bored for 
inserting a thermometer Т). 
The experimental substance 
Gin the form of a circular 
disc is sandwitched between 
the block B and the block C. 
The second thermometer То is 
shown in the fig. 2.33. 


(Fig. 2.33) 
inserted in the hole of the block C as 
Theory. Let A be the area of cross-sectio 
slab С and d be its thickness. Let ө 
recorded by the thermometer Т, and Т, 2 
heat transmitted through the slab pers 


n Of the experimental 
; and 0, be the temperatures 


in the steady state. Then the 
econd be 


=КА. 91— ба 
9 4 


where К is the thermal conductivity [neglecting the heat lost by 
it (G) radially]. 


below Ө. From the Cooling curve E is calculated by drawing 
dt o-o, ї 
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a tangent to the curve at the point corresponding to 0 —0,. If m be 
the mass of the disc and s its specific heat, the heat lost per second 
by the disc С by radiation when at a temperature 6. is 


48 
Q ="), . 


КА, — 93) de 
Hi d К-су. шшш М m == 
ence, d ZFIM 
48 
ZEIT 1 
AEO K 2. (1). 


Procedure. (i) Firstly weigh the plate C and find out its mass m. 
Measure the diameter of the experimental disc G with the help of 
slide callipers (Vernier callipers) three times and find out its mean 
diameter. Then calculate its radius r and the area of cross-section 
A=nr*, ' 

(ii) Calculate the temperatures 0, and 9, with the apparatus as 
shown in the Fig 2.34 with 
experimental disc G which is ac MUERE 
sandwitched between В and С. 1 from; R 1 
Allow the steam from steam- Й | 
chamber to pass into the 
chamber S. Wait for about 
forty minutes and then record 
the temperatrues 0, and 0, аз 
shown by Т, and T, at a regular 
intervals of two minutes. It 
will be obvious from these (Fig. 2.34) 
Observations whether the 
steady state has been achieved or not. When 0, and 6, become steady, 
note down these. Thus the first part of the experiment is complete. 


(iii) In order to determine [4] ‚ heat the disc C alone separa- 
8-9 
2 


tely with help of a Bunsen flame so that T, indicates a temperature 
about 10-12°C above 0, as observed during the steady state. Suspend 
C with help of threads attached to ring N with the experimental 
specimen G placed on the top of it. Allow it to cool down. Note down 
the temperature of the disc C at regular intervals of time (may be 
half a minute nearly) till the temperature falls to about 10-12°C below 
9, (the temperature of C as recorded during steady state). 
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(iv) Plot the graph between the temperature 9 and the time / and: 
find out the cooling curve of 
the disc С as in fig. 2.35. 
Now draw the tangent to the 
curve at a point on the curve 
corresponding to 0 = 0, and then: 
determine the value of 


А . The specific heat 
t |9-0, 


gec 


Temperature 


4 s of the material of the disc С’ 
0 t Time in sec ! is supposed to be known. AIR 
(Fig. 2.35) the quantities involved in the 

equation (1) are known, hence К is calculated. 


Observation and Calculation 


Mass of the disc C=m gm. 
Specific heat of the material of disc=s cal/gm/C?. 


Least count of screw guage=....cm. 
Vernier constant =....cm. 
(i) Determination of thickness ‘d and *2r of the experimental! 
disc, 
Table 1 
RINT ткен рр 8001920 Меап 
tions m reading Cross-reading ст 


Table 2 
No. of Time in | Reading of the thermometer in 9C — 
observations minutes | п 


ША” 


—— 
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Table 3 


Readings for cooling curve of Disc C. 


No.of | Timein Temperature of No. of | Timein | Temp. of 
observations | seconds ес obs. | seconds rte 


элт, es eee ee eee 
Area of cross-section of the disc (A) = лғ? sq. cm. } 
0; 1. :9C. 


From the graph, 


=] =....°C per sec. 
dt jo-0, 


иза, do 
в, 0) [ ДЕ 


= ..cal. per sec. per sq. cm per unit temp. gradient 
= ..cal. per sec. per cm per °С. 
Standard value of k=...... 
% еггог=. 


Precaution. 


(i) The thermometers used should be sensitive to read up to 
goth of a degree Celsius. 

(ii) The steady state achieved should be determined by noting 
the temperatures 0, and 0, at regular interval of time (i.e. 
every two minutes) and then observing that these tempera- 
tures do not change with time. 

(iii) Carefully determine the constants of the experimental disc 
with the help of vernier and screw guage. | 

(іу) The disc employed in this experiment should be thin be- 
cause it has been assumed that no heat is lost from the 
curved surface of the specimen. 

(v) The disc C should be cooled with the specimen G above it. 
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(vi) In case the specimen G is not placed over the disc C and the 
disc is allowed to cool, then the exposed surface is 
increased and the equation (1) is modified as 


kAQ@,—02) _ [а r4-21 
"pd HS E 5 «(г 


where г and Гаге the radius and the length of the cylindrical 
disc respectively. 


EXPERIMENT 16. To determine the co-efficient of Thermal Conducti- 
vity of glass in the form of tube. 


Apparatus. Glass-tube enclosed in a wider tube which forms 
the steam-jacket, graduated jar, two thermometers (reading up to 
ith ?C), boiler for generating steam, constant head water flow 
arrangement, slide callipers and travelling microscope. 


Description of apparatus. А hollow glass tube АВ of bore about 

1:5 cm enclosed in 

a wider jacket J. 
n Steam is made to 
enter the jacket at C 
and leaves at D. 
Two T-pieces are 
joined to the tube 
AB one at each 
end with the help 
of short rubber 
tubing and each 
encloses а thermo- 
meter T, and Т.. A 
steady stream of 


К water is allowed to 
к ae the tube with the help of a constant water-level tank 
ich has not been shown in the figure. Now the temperatures at 


entrance and exit are measured wi 
with the help of 
T, and T, respectively, К ой 


eters 


eres 
= 


(Fig. 2.36) 


As hrs is allowed to traverse the tube along a spiral path so 
mperature of wa ins: i 
JUR ter remains’ constant over any cross-section 


It is achieved by windin i i 
> a rubbi 
Spacing over a thin brass rod an: i po EA 


tube AB. d placing it within the experimental 


t 
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Theory. The heat flows radially from the outside surface of 
glass to its inner surface if the steam is allowed to pass through the 
jacket and the isothermal surfaces are co-axial cylinders. Let 01 
and 6, be the temperatures of the outer and inner surfaces of glass- 
tube in the steady state. Thus the amount of heat flowing across 
its walls per sec is given by 
Q- 2nkl(0, — 9:) 

2:3026 logic (rs[ r1) 
where гу and ғұ are the internal and external radii of the glass tube, I 
its length and К is the co-efficient of conductivity of glass. 

The amount of heat Q is obtained by the steady flow of water 
inside the tube. Let m gms per sec be the mass of water flowing at a 


constant rate and 0, and 0, be the temperatures of waterat the 
entrance and exit in the steady stage. Then 


Q —m(0,— 95). 


2nkl(0, — 0) 
H 2 22-0) | m(p,—0 
Vic 2:3026 logia(ra/ra) ти — 65) 


OL ee 2:3026 logio(re/71).7(04— 03) 
2nl(0; — 92) 
where 0, is equal to the temperature of steam and the temperature 
0, of the internal surface of glass tube can be taken to be equal to 


05-0, . e 
эте. i.e. the average temperature of water inside the tube. 


p 23026 logro] ri) m(—0)) 


СЕ; 


Procedure. (i) Arrange the apparatus as shown in the fig. 2.36. 
Now allow the steady current of steam from the boiler to pass into 
the steam jacket J to heat the outer surface of the tube AB. Further 
it is essential to pass a steady stream of water to flow past the tube 
spirally. It enters the entrance end at P and leaves at Q. Arrange 
the glass tube in inclined position in order that the exit end may 
remain at a higher level than the inlet end. This process will have 
two advantages. Firstly, the tube will always remain filled with 
water and secondly any air evolved from the water owing to rise 
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in temperature will be easily swept out. Adjust the rate of flow 
of water to be low so that a measurable difference of temperature 
between incoming and outgoing water through the tube may be 
achieved. Note down the temperatures 0, and 6.. 


(ii) Now it is essential to wait for sometimeto watch whether the 
steady state has been reached. This is obtained by recording the 
temperatures 0; and 0, every five minutes and noting that there is no 
change in their respective values. Final observations give the steady 
temperature Өз and 0,. 


(iii) Now our purpose is to determine the rate of flow of water. 
For this purpose, collect water in a graduated jar and note down the 
time for which the water is collected. As the density of water is 
unity and the time is known, the rate of flow of water can Бе calcu- 
lated. Repeat it a number of times and calculate the mean value 
of m. Observe the barometric height H and calculate the tempeature: 
of steam e, from the tables. 


(iv) Now measure the length / of the glass tube exposed to: 
Steam. Further measure the external diameter of the tube at а. 
number of places with а slide calipers. At evry place measurement 
Should be made along two mutually perpendicular diameters and 
obtain the mean external radius rs. In order to find the mean values 
of ri, insert a cork tightly at one end of the tube and clamp it verti- 
cally. Fill a known volume of water into the tube with the help of 
a burette. Measure the height of water columnin the tube. Let 
V be the volume of water and 5 be its height. 


Then arib-V 
a 
E п= 5 e 0} 


, ^5 all the quantities involved in the equation (1) for the deter- 
mination of k are evaluated, k can be kaown. The experiment 


is repeated by changing the rate of flow of ше: 
ИЯ water and the mean va 


Observation and Calculations 
(A) Reading of Barometer = Н ст of Hg. 


The temperature of Steain со i 
Trespondin i г 
the Barometer — o,?C, t dns o ш. EMO 
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Steady temperature of water at the entrance of the: 
tube =0;°C. 

Steady temperature of water at the exit of the tube=0,°C.. 

-. Temperature of the inner surface of the tube 


=.= % ос, 


Length of the glass tube exposed to steam=/ cm. 


(B) Determination of external diameter of the tube. 


Least current or Vernier constant of slide callipers=....cm. 
Zero error=....cm. 
ee uuu 1230 css 
No. Readi " " 5 я 
of cading along one diameter Reading along perpendicular IET 
Obs. (a) cm diameter > 
V.R. Correc- V.R. Correc- | 
M.S.| VR.| X | Том] ted | M.S.| ув.| X. | Total] ted 

Ic. read- L.C. read- 

ing ing 
e 


à | 
CERE TN | | 
2. Diameter = D. 
; р 
radius ==. 
E CE 


(C) Determination of internal radius of the tube. 


Least count of the travelling microscope = ...... 
Sn YID TET 
BE Height of water column (cm) Volume of 
о water r= Vin 
Obs. Dim taken in КВ 
itie- У сс 
Lower Upper rs c 
M.S. | У.К. | Total] M.S. | V.R. | Total 
1 
2 
: | 
о о 
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(D) Mae: 
aa TES - 
Mass of | Beaker+ Mass of water Time for Rate of 
No. of beaker water collected collection Шоу о 
Obs. | —(M)gm| =(W) gm =(W—M)=m gm pf rater water 
1 M W, (W.-M) [Л 
2 м Ws (W,—M) ta 
3 M W, W:—M) ts 
4 M We (W.—M) ц 
B M Ws (М) | в 


SE 


kx 2/3026 logtrr;).m(0,—90;) 


2nit | ө, -A5 


Result. Conductivity of glass=...... cal./sec./cm?/°C 
Standard value= 


Precaution. (i) The length of the tube exposed to shade should 
be measured and used in calculations. This will be the length inside 
the jacket. 


(ii) Water should be made to flow from a constant 


level arrange- 
ment and not from the tap. 


(iii) The rate of flow of water should be low. 


(iv) The water should traverse the tube spirally and along an up 
‘gradient of height. 


‘EXPERIMENT 17, Determination of co- 


efficient of thermal conductivity 
of rubber-tube, 


Apparatus. Rubber-tube, steam boiler, Bunsen burner, stop- 
Watch, balance, big calorimeter, sensitive thermometers callipers and 
microscope. ; 

" Description of Apparatus and Theory. Ais a boiler as shown in 
the 


figure 2.37. Immerse а Known length / of the rubber tube in the 
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water of calorimeter С. Опе end of the tube is connected to the 
boiler A and the other end remains outside the calorimeter. The 
steam passes through this tube. The temperature of the water and 
the calorimeter increases as the steam passes through the 


(Fig. 2.37) 

rubber tube. After some time the flow of steam is stopped and 
the time for which the steam passed through the tube is noted. 
Correction is applied in final temperature of calorimeter and its water 
on account of loss of heat due to radiation. The internal and the 
external radii of the tube are determined either with the help of 
callipers or with the help of ink-imprint of the area of cross-section 
! and microscope. 


Let т be the mass of water in calorimeter and w be the water 
equivalent of calorimeter. Let the temperature of water in calori-- 
meter increase from 04°C to 0,?C in 2 sec. 


Hence the amount of heat О lost per sec by the rubber tube 


Q —(m+w) E 


where as from the consideration of co-efficient of thermal conductivity: 


Q = 22k (0 89 
loge(r2/r1) 
| where kis the co-efficient of thermal conductivity of rubber-tube, 
гу is the internal radius and ғ, the external radius of the rube. Let 
the observed reading of the steam as recorded by thermometer 7* 
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inserted in the boiler A be 0,°C, 0,°С be the average temperature 
-of outer surface of the tube=average temperature of calorimeter. 


2r kl (01—05) _ (w+m) (8,— 93) 


loge(rs[r) t 
е +m) (04—09) . loge (rs[r3) 
S E 1 НОЕ 


(w+m) (6,-0:) 2:3026 logio(rs[ r4) 
= 1 х CERIS SE) 
t 2x1 at 04 ) 
д 2 


9,2С and 0,°С as mentioned іп equation (1) indicate the initial 
-and final temperature of water in the calorimeter. But it is known 
that some heat is lost due to radiation. Had there been no loss 
of heat in the experiment due to radiation, the final temperature would 
have been different from 0,?C If A 0 is correct temperature for the 
loss of heat due to radiation, then the final correct temperature 
-will be (0; + 10)С. 


For the applicationof correction temperature steam is allowed 
to flow through the tube when the temperatere increases from 0? 
to 0,°C. Temperature is noted at the interval of every half minute. 
Let these readings be ty, f», 5»-...іп-1. 


If the room temperature be °С, then the changed temperature 
-due to loss or gain of heat according to Newton's law of cooling 
"will be 
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where 50 represents the change of temp. during any interval of time. 


Thus, Л0-2%9-С s -nto (+. tna) ү 


where С is a constant and is dependent on calorimeter and its 
content. In order to calculate ДӨ, one has to determine the value 
of C also. 

After knowing the final temperature 0,?C in the experiment, stop 
the flow of steam. Allow the calorimeter to cool and during the 
process of cooling note down the temp. Tı, Ts, Ts. . .. Ts at equal, 
interval of time. If like alove, A9' represents the changed temperature 
due to loss of heat, then 


Av oxi СТ (a Jos лга +.) 


Аз 559 -Т,--Т,, so С can be calculated. It should be noted 
that during fall or rise of temp. the temperature range should 
remain the same as far as practicable. 


Hence the corrected form of equation (1) can be written as 


_(w+m) (0,+A0—0 2:3026 logy(rs[ r1), 
ke (rm Gcr A999 DEA < SO) 
27 l (в- 2 ) 


Procedure. (i) Take a calorimeter of capacity 1000 c.c. Clean and 
dry it. Weigh it along with stirrer with the help of balance. Fill two- 
third volume of the calorimeter with water and then weigh it again. 
A long part of the rubber tube should be in the form of spiral and 
immersed іп the water of the calorimeter in sucha way that both 
ends of rubber tube may remain just above the surface of the water 
in the calorimeter. 


Tie thread knots at two places in the rubber tube i.e. one at the 
point where the tube just enters the water and the other at just the 
tube leaves the water in the calorimeter. These thread knots will 
work as indicator and the length of the tube between the two thread 
knots will be the length of the tube which will be measured at the end 
ofexperiment. Note down the temperature of water in the calori- 
meter. 


(ii) Heat the water in the boiler with the help of Bunsen burner 
and allow the steam to flow out from the boiler. When the rate of 
formation of steam is uniform and steady, connect one end of the 


224 А TEXT BOOK OF PRACTICAL PHYSICS 


rubber tube (i.e. R іп the fig.) with the boiler so that steam 
may flow out through the tube. Now placethe other end of the rubber 
tube in some beaker or sink so that the steam coming out of the 
tube may condense there. 

(iii) The moment the steam starts passing through the rubber 
tube, stir the water in the calorimeter with the help of steam and start 
noting down the temperature of water at the interval of every half 
minute. Disconnect the rubber tube from the boiler the moment the 
temperature of water rises by 10-15°C above the room temperature so 
that fow of steam is stopped. Stir the water well and start again 
noting down the falling temperature at the interval of every half 
minute, This should continue for nearly 7-8 minutes. 

(iv) Measure the length of rubber tube between the two thread 
knots with the help of a metre scale. Put some ink on the surface 
of the one end of the tube and obtain an ink-imprint of the area 
of cross-section of the tube on a paper. Now measure the internal 
and the external radii of the tube with the help of microscope. 


(v) Note down the temperature of the thermometer inserted in the 
boiler and this gives temperature of the steam. If there is no provision 
for inserting a thermometer in the boiler, then in that condition 
take the reading of the barometer that gives the atmospheric pressure- 
Now obtain the reading for the temperature of steam or boiling 
point of water corresponding to the this reading of the atmospheric 


pressure from the table. Hence co efficient of thermal conductivity 
of rubber can be calculated. 


Observation and Calculations 


Room temperature = 21'9°С 
Mass of calorimeter +stirrer=(M)=166°655 gm. 
Mass of (calorimeter-+-stirrer+ water)— 28:800 gm 
о Mass of water m—115:145 gm. 
Initial temperature (04) 


of water in calorimeter and its 
content =22°7°C. 


Time (1) for flow of steam=5 mt. 30 sec, =330 sec, 


CONDUCTIVITY OF SOLID i 225 


Length (J) of rubber tube immersed in the water of calori- 
meter = 18:13 cm. 

Outer radius (r;) of the tube— 0:589 cm. 

Inner radius (7,) of the tube— 0:304 cm. 

Reading of Barometer = 748-25 mm. 

-. Corrected temperature of steam (ө,) 


-(100--70- 74825 X. oco 
=(100 363 ye 99-56°С 


[There is а change of 1°C due to 26:8 mm of Hg.] 


Time-Temperature 


Interval of Temp in Interva' of Temp. in °C 
time in time in 
minutes oc minutes, 
ыы us 22-7 (0,) 75-80 33:1 10) 
0—0:5 23:7 (t,) $0—8:5 330 
05—10 248 (r,) 85-90 329 
1'0—1:5 2670 (гз) 9:0--9:5 32:8 
15—20 27:0 9:5 10:0 328 
20—2:5 280 10:0--10:5 327 
25--20 291 10'5—11:0 32`6 
3:0—3:5 300 110--11:5 32:5 
3:5--40 31:0 115—120 325 
40—45 31:8 12:0—12:5 324 
45-50 32-8 (ts...) 12:5—13:0 323 
50—55 33-4 (1) 13:0—13:5 322 
13:5--14:0 321 ...(7%) 
140—145 320 
14:5--15:0 320 


Loss of heat due to radiation at the time of increase of 
temperature 


= Ao=cf ®+% —nfd (ftt... +t) 


where C is a constant and % is the room temperature, 


^ Ata] T3995 оронот. зо) 
=C (28:05—262:8 + 306-9} N 
-Сх7215 X» 


T. B. P. PHY.-15 
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i i . from Т, to Tn 
Change in temp. during loss of D fall of temp 1 


Pa ING пост —(n— Dto T To. + Ta-d} 


-c[ 845221 12x 2194 (8304+329 + " 


322) 
= C(32:6—226:8 4-358:9) 
=C x 128'5 


meh 
SÉRIE 


72:15 o 
5 715- -0: (еў 
Непсе, A8-Cx72:15 128-5 0:5614 
Therefore maximum corrected temperature of water after flow 
of steam 


=04+ ЛӨ = (33:44-0:56149 C =33-9614°C, 
Water equivalent of (calorimeter 4- stirrer) 2 w 
= 166'655 x 0'094 = 15:69 gm. 
Hence conductivity of rubber 


k= 1115145 15:69) (33:9614— 22-7) 
Е 62222202217). 
330 


2:3026 x logiy 13. 
2 


2x% X18:13x (5956- =< 
2 


= 130°835 112614 7 2:30) 
= 6х 0:2872 
44x 330х 71-51 Хх 18:13 
= 0000362. cal/em/sec/°C, 
Standard value of k=0: 
96 error =3°43%, 
Errors and Precaution, 
capacity so that sufficient 
in the water of calorimeter, 


00035 cal/cm/sec/°C, 


(i) The calorimeter Should be of large 
length of rubber tube can be placed 


(ii) Thickness of rubber tube should be uniform 
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(111) Internal and external radii of rubber tube should be measu- 
red carefully. 


(iv) Thread knots should be tied in sucha way that they just 
touch the surface of water placed in calorimeter. 


(v) The steam should be allowed to pass till such time the 
temperature of water just rise nearly 10-15°С. 
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EXPERIMENT 18. То determine the relative humidity of air by 
Daniell’s Hygrometer. 


Apparatus. Daniels Hygrometer, small pipette, ether and 
thermometer. 

Description of the apparatus. DANIBLL’S HYGROMETER : It consists 
Of two glass bulbs 4 and B 
connected together by means of 
а wide glass tube, bent twice at 
right angles and mounted on a 
vertical stand. The bulb А con- 
tains ether with a thermometer 
(t) dippingintoit. The bulb 4 
issilvered. The bulb B with the 
tube connected to it is full of 
ether vapour. Theair from the 
tube has been expelled before 
the tube is sealed. Bulb В is warp- 
ped round by a piece of muslin. 
А thermometer (T) is placed 
оп the stem C to indicate the 
temp. of air. 


Theory. The hygrometric 
state of the air can be deter- 
mined by knowing the amount 
of water vapour present in the 
atmosphere. But in the meteoro- 
logical work, the idea of degree 
of saturation is more important 


(Fig. 2:38) 


228 А TEXT BOOK OF PRACTICAL PHYSICS 


than the actual amount of water vapour present. This is known as 
Relative Humidity and is defined as : 


The amount of water vapour actually present іп a given 
volume of air at °C 


а) 
Amount of water vapour required to saturate the same 
vol. of air at °C 
__ Pressure of water vapour actually present in the air at 1°C (2) 
"Pressure of water vapour necessary to saturate air at °C 
Saturation vapour Pressure ( f) at the dew point =: MOY 


Saturation vapour pressure (F) at the temp. £?C of the ат 


But relative humidity is expressed generally in terms of percen- 
tage. 


Hence, the equation (1) or (3) can be multiplied by 100 to give 
the relative humidity in percentage. 


Now f and F are determined from the Regnault’s table, so experi- 
mentally it is the dew point which has to be determined. 


Dew point. It is the temperature at which the mass of water 


vapour actually present in a given volume of air is just enough to 
saturate it. 


Procedure, (i) Place the hygrometer properly on a table and 
then wrap a muslin around the bulb В. Pour some ether drop by drop 
on the muslin cloth by a pipette or a dropper. By taking up its latent 
heat it produces cooling on bulb B. The ether vapour inside В con- 
denses as a result of which the pressure on the surface of ether in 4 
is reduced. Hence, the rate of evaporation in bulb 4 increases res- 
ulting in fall of temp. of liquid in it and that of silver strip on it. In 
this way pour more and more ether on muslin B till a stage is reached 
when moisture present in atmosphere begins to condense on it in tbe 
form of dew and its shining surface becomes dimmer, Мое the 


temp. of the thermometer just at the moment when the first film of 
dew appears. 


(ii) Now, do not pour ether in muslin around B and if necessary 
remove the muslin from it. The rate of evaporation in A slows down 
as no ether now condenses in B. Hence reduction of pressure on 
the surface of liquid in А does not take place any more 


Thereby, the temperature of А together with the silver strip goes 


on rising-and the dew-drops on it begin to disa 
2 рреаг. Note the temp- 
of the thermometer just when the last drop of dew has disappeare 


HYGROMETRY 229 


from the silver strip. The mean of the two temperatures gives the 
correct dew point (0) at that time. 

Read the temp. of air on the different thermometers attached to 
the stem C. 

Repeat the above operations several times and take the mean of 
temp. of appearance and disappearance of dew. Obtain the value 
of maximum pressure f and F corresponding to the dew point 0 
and room temperature t respectively from the table of constants (see 
appendix) and the ratio of ЛЕ multiplied by 100 gives the relative 
humidity of the air. 

€(€————— — ЧИ 


Dew point (09C) н. 

Na) ЖЕНЕ S || ш 

о! temp. о 

s ос 

obs. Appearance | Pis@ppea- | Mean 
rance 


——— o DN НЕЧИЙ НИРО 7А ИРА 
Result = sr eaaa тз E A ы Ти % 


Precautions. (i) The humidity in the neighbourhood may be 
affected by the breath of the experimenter and hence interpose a glass- 
Screen between the hygrometer and experimenter. 

(ii) Regulate the rate of cooling in A by pouring ether gradually 
with a pipette or dropper. : 

(iii) Avoid to perform this experiment near a sink or open window. 

(iv) As the first film of dew appears in 4, its silvered surface app- 
ears to be dim. But if the surface is touched with a twisted piece of 
paper, the presence of dew is easily detected. Adopt this method 
for detecting the appearance and disappearance of dew. 

(v) Ether evaporating outside В contaminates the air and hence 
the hygrometric state of air is affected. 


(vi) As glass is а bad conductor so temperature inside A is different 

from the temp. outside 4. 

EXPERIMENT 19. To determine the relative h 
Regnault’s Hygrometer. 


Apparatus. Regnault’s hygrometer, ether, aspirator, 


umidity of air by 


telescope. 
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Description of the apparatus. REGNAULT'S HYGROMETER : Regnault’s 
hygrometer was designed to overcome the difficulties encountered in 
Daniell's hygrometer. It consists of a test tube havinga side tube. 
The lower part of the tube E is made of silver. The mouth ofthe test 
tube is closed with tightly fitting cork havingtwo holes through which 
pass a delicate thermometer t and a glass tube А down to the bottom 
of the tube. The side tube 
of this test tube E is con- 
nected to a vertical stand 
of brass, which in turn is 
connected to the rubber 
tube joined to an aspirator 
D. А second glass test tube 
F identical to the test tube 
E is also mounted to the 
same vertical stand having 
a thermometer T in it, 
The lower portion also is 
made of silver. Its mouth 
is closed with a tightly fitting 
cork through which passes a 
thermometer T. The test tube 
F is meant for comparison 
purposes only. Some ether is 
placed in test tube Е in which 
one end of a glass tube 4 and bulb of thermometer г are dipping. 
The aspirator contains water and at the lower end of thisis a 
stop cock. 


(Fig. 2.39) 


Theory. As described in Daniell’s hygrometer, 

Procedure. (i) Connect the aspirator and the v. 
by the rubber tube R. The distance between the 
vertical stand S should be of the order of two to th 
a telescope in the vicinity of aspirator and focus it 
surfaces of both the test tubes are focussed, 

(ii) Fill half of the test tube E w 
ether in the tube is above the height of s; 
of tube 4 and bulb of thermometer t is 
the tap of the aspirator and regulate th 
is slow. Water runs out of it and to 


ertical brass stand 
aspirator and the 
гее metres. Place 
till the metallic 


ith ether so that the level of 
well within the ether. Open 


€ aspirator so that the cooling 
fill its place, a steady stream 


ilver cap and the lower end. 


2 
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of air enters through the bent tube and bubbles through the ether. 
It causes a rapid evaporation of ether, this results in cooling of the 
liquid, the silver cap of the tube and the air surrounding it. With 
passing away of air moving through the ether, the temp. of the 
surrounding goes on falling and ultimately a stage is reached when 
the saturation is achieved and consequently, dew appears on the 
silver surface of E. Observe through the telescope the first appearance 
of the dew and read the thermometer as soon as the dew appears on 
the silvered surface of E. The first appearance of dew in Eis detec- 
ted by using the silver surface of F for comparing or contratsing the 
brightness of the two silver caps. Now read the temperature from 
the thermometer Тіп test tube F to get the temp. of air. 


(iii) When the temp. of ether has fallen below the dew point, 
Close the tap of aspirator. As the flow of air is closed, the temperas 
ture of the ether, and, therefore, that of the silver cap now begins 
to rise resulting in the gradual disappearance of the dew from it. 
Read the temp. from the thermometer ¢ when the last trace of dew 
just disappears from the silvered surface of test tube Е. The mean 
of these two temperatures gives the correct value of the dew point. 


(iv) Repeat the experiment as described above and take sets of 
readings and tabulate the results as in the last experiment (Daniell’s 
hygrometer) and hence calculate the relative humidity. 


Precautions. (1) Keep the apparatus away from the sink. 


(ii) Both the thermometers should be sensitive i.e. reading 1th of 
а degree at least. 


(iii) Regulate the flow of water with aspirator so that flow of air 
may not be rapid, otherwise it would be difficult to observe the exact 
dew point. 

(iv) The temperature for disappearance of dew is generally found 
to be higher than the temp. for appearance of dew. Hence, practice 
should be made to distinguish a dim silver surface due to deposit of 
water vapour from the bright surface. This would help in reducing 
the difierence between the two temperatures. 


(v) If the telescope is not available and reading is being taken 


from naked eye, the experiments should be about 40 ст away from 


the apparatus, otherwise the air in the vicinity of it would be conta- 
minated. 


(vi) See the precautions mentioned in the previous expt. also. 
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EXPERIMENT 20. To determine the relative humidity of air by wet 
and dry bulb hygrometer, 


Apparatus. Wet and dry bulb hygrometer. 


Description of the apparatus. WET AND DRY BULB HYGROMETER : 
$ hygrometer consists of two mercury thermometers nearly 10 cm 

apart and placed vertically side by side 
оп a board. The bulb of one thermometer 
15 exposed to air and gives the tempera- 
ture of atmospheric air. The bulb of 
the other thermometer is wrapped 
round with muslin which is always kept 
moist by dipping its free епа into water 
contained in a beaker placed on the 
board. Due to the evaporation the tempe- 
rature of the wet bulb falls. [The drier 
the air the greater would be the evapo- 
ration from the wet bulb and hence its 
temp. would be much below the temp. 
of the dry bulb.] 

During the evaporation water takes 
its latent heat from the bulb of the ther- 
mometer it:elf, so the wet bulb ther- 
mometer always records a lower temp. 
than the dry bulb thermometer which 
records the temp. of air, The difference 
between the two temperatures indicates 
the hygrometric state of the air. 

Theory. Let Т°С be the temperature 
of dry bulb thermometer and 7°C be the 
temperature of wet bulb thermometer, 
then the dew point °С will be given by 
the Glaisher’s formula 

T-1,=F(T—1) 100 
where F is Glaisher’s constant and its 
е given on the page 234, 

From this formula the value of dew point 4,°C is determined. 
Corresponding to the temperatures 7,?C and T?C the saturated vapour 
pressures f and F are obtained from Regnault's tables and so the 
relative humidity is calculated applying the formula— 


Thi 


(Fig. 2.40) 


value is found from the tabl 
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R.H.- Lx100 nO): 
F 

Procedure. (1) Hang up the wet and dry bulb hygrometer against 
a vertical wall of open verandah which should be free from air dra- 
ughts. Cover the bulb of one of the thermometer with muslin. Fill 
some water in the beaker into which the free end of muslin dips. The 
water will be sucked up and will reach the muslin covering the bulb 
of the thermometer. 

(ii) As the air passes, the water from the surface of the muslin 
wrapped round the wet bulb thermometer will evaporate, resulting 
in lowering the temperature of wet bulb thermometer. Note the 
falling temperature. Take a number of readings at regular intervals 
of 2 to 3 minutes when the temp. of wet bulb becomes nearly statio- 
nary. Take the average of these temperatures from which the temp. 
(t) of wet bulb thermometer will be obtained, 

(iii) Note the temperature (T) from the dry bulb thermometer. 

With the help of these two temperatures and the Glaisher’s for- 
mula, obtain the dew point (t°C). Now consult the Regnault's table 
and find out the value of saturated vapour pressures corresponding 
to the temperatures t,°C and T°C 


(iv) Enter the results in a table and hence calculate the R. H. 
from the formula (2). 


Observations 
Day 
Date— 
Time— 
=) 
Temp. in °C 
No. of 
Obs. 


Dry bulb Mean (T) Wet bulb Mean (г) 
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Glaisher’s factor F corresponding to dry bulb temperature is 
obtained from the following table. 


— я —___— 


Dry bulb Glaisher’s Dry bulb Glaisher's 
hen pata Factor temp. factor 
°C (F) in °С 
4 7:82 16 1:87 
5 7:28 18 1:83 
6 6:62 20 1:79 
7 5T 22 1779 
8 4:92 24 172 
9 4:04 26 1-69 
10 2:06 28 1:67 
11 2:02 30 1:65 
12 1:99 32 Бе 
s 3 
14 1:92 34 EH 
Calculations. 
T-t -F(T-t). 
On proper substitution, DE ©: 
From Regnault’s table—.... 
Saturated vapour pressure ( f) at dew point (4?C)2 ..... 9 ШШ. 
Saturated vapour pressure (Е) at atmospheric air temp. (T°C) 


=..... ...mm. 


ene 
Жө В.Н. х100 


=....% 
Result=....% 


Precautions. (i 


) Apparatus should be placed in such a place where 
the effe 


cts due to draught of air can be avoided. 

(ii) Note the temp. of wet bulb whe: 
ensure the steadiness of t 
observation at regular in 


nits temp. is stationary. To 


emp. of wet bulb thermometer, repeat the 
tervals of times. 


(iii) The experimenter should be about 40 cm. away from the 
apparatus. 


ASSOCIATED EXPERIMENTS 


1. Find the amount of moisture per litre of air in 


your laboratory. 
Hint, 


Let t be the temperature of air in the laboratory and Р be 
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the atmospheric pressure. Let V; be the volume at М. T. P. corres- 
ponding to 1 litre at room temperature and pressure. 


Hence, from the gas law, we have 
PY 


T =constant 
A Рх1 _ 760XVs 
LE t4- 273 273 
Рх273 А 
Bo = Es ІС 
а= oxar e 0) 


Density of air at М.Т.Р. —:001293 gm/c.c. 
= 1:293 gm/litre. 
So, the density of moisture at N.T.P. 
=5х 1293 gm [litre 
Hence, the mass of moisture to saturate one litre of air at 
t°C=V,x§ x 1'293 gm. an "ФУ 


But, from the definition of relative humidity P, we have 


R= Amount of moisture present in any volume at {°С 
Amount of moisture to saturate the same volume of air at {°С 


_ Amount of moisture present in one litre of air at t°C 
Amount of moisture to saturate one litre ofair at °C" 


Hence, amount of moisture present in one litre of air (in the- 
laboratory) at {°С 


—RxAmount of moisture to saturate one litre of air at °С" 

=Ах И хх 1293 gm. 2 (ay 

Now, from the observed value of P and f, calculate V, from the 
relation (1). ; 

Determine the relative humidity R by any of the methods des- 
cribed above and hence calculate the amount of moisture present in 
one litre of air in your laboratory using the relation (3). 


Dau 
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EXPERIMENT 21. Determination of Mechanical Equivalent of Heat (7) 
by Callendar and Barne’s Continuous Flow Method. 


Apparatus. Callendar and Barne’s apparatus, constant water 


head arrangement, ammeter, voltmeter, stop-watch, beaker, rheostat, 
two sensitive thermometers, an accumulator of 12-18 volt, watt-box 
etc. 


(Fig. 2.41) 
Description of apparatus. А thin platinum wire W wound like a 


spiral is placed co-axially in a 
figure. Both the ends of tube 
tubes C-C which are connected 
tubes C- 


glass or quartz tube С as shown in 
G are connected to two. thick copper 


to both the ends of wire W, Copper- 
C are connected to two leads L-L thro 


ugh which an electric 
current is allowed to flow. A 


$ a result of this flow of current the wire 


of two therm meters T-T w. 


tubes C-C. This can be seen in fi 


conductor of heat. 


two thermometers 7-7. As the resistance of 
produces negligible h 


€at on account of electric current, Two wires 
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E-E are connected to the two copper-tubes and the other ends of 
E-E are connected to a voltmeter to measure the potential difference 
between the two ends of W. Tube G is covered with a vacuum jacket 
A. In order to avoid the loss of heat due to radiation, tube G is 
covered with a vacuum jacket A which itself remains covered with 
a jacket B of water. 


Theory. When the electric current through W and stream of water 
through G is allowed to flow, the temperature of outflowing water 
begins to rise. After some time the temperature of water becomes 
steady. Inthe steady state, the amount of water М outfowed 
through tube G in Ише ¢ is measured along with the electric current 
I and the potential difference Е between the two ends of wire W. 


En ET Do 


Let 0,°С and 0,°C be the temperatures of inflowing and outflowing 
water in tube С. Hence the amount of heat generated in the wire is 


EI moo) HAO x (1). 


where J is the mechanical equivalent of heat in ergs/calorie. 


AQ is the loss of heat due to radiation. If the strength of current 
Tis changed to 1” the potential difference between the two ends of 
W changes from E to Е’. Now the flow of water through tube G is 
so adjusted that the difference of temperature between the inflowing 
and outflowing water remains (0.—0,). Let m, be the mass of water 
outflowed through the tube in time 7 in the steady state, 


Hence the 
amount of heat generated is 


Ех 107 
= =m,(0;—0)+ AQ КҮНІНЕ 


So from eq. (i) and (ii), 


El, — EDtx 107 
ae =(m,—m)(0,—6,) 


Ss Ау 


J (Ей -ЕТуих 107 


(m, —m)(0,— 0,) өдейі. i (ii). 


———_м— 
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Procedure. (i) Arrange the apparatus as shown in the fig. 2.41. 
Regulate the supply of water through the tube in such a way that 
the flow of water per minute may be nearly 50-60 с.с. This can be 
achieved with the help of constant pressure water head. Insert the 
bulbs of thermometers 7-T at the two ends of the tube С (one 
where the water enters and the other where the water leaves out). 
Connect a key, a rheostat, and an accumulator with the leads L-L in 
Series. At the same time connect a voltmeter and a key between E-E. 
"Clean, dry and weigh a beaker. 


(ii) Allow the stream of water to flow through С. ' Afterwards 
allow the electric current to flow through the wire W. Remove the 
air bubble (if there is) due to rise of temperature. Regulate the rate 
of flow of water such that flow of outflowing water may be low. 
Adjust the strength of current in such a way that difference of tem- 
peratures between the inflowing and outflowing water may not exceed 
5-10°С. In the steady state note down the temperature of inflowing 
and outflowing water in the tube G. Let it be 0,9С and 0,°С. 
Measure the electric current and potential difference with the help of 
ammeter and voltmeter. Let Г and Е be the strength of current and 
the potential difference respectively. Now place a weighed beaker 
below the outflowing water and instantaneously start the stop-watch 
to note time. Remove the beaker after t seconds. Weigh the beaker 
again. Now calculate the mass m of collected water in the beaker. 


(iii) Change the strength of current J to T 


with the help of 
rheostat so that the value of E changes to Е. 


Repeat the experiment 


for the same time t maintaining the same difference of temperature 
(%—8,)°С. Let т, 


be the mass of water collected in the beaker this 
time. Repeat the experiment several times by changing the value of 
Zand E and then calculate the mean value of J 


ie. the mechanical 
equivalent of heat. 
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3. SOUND 


WAVELENGTH OF SOUND 


EXPERIMENT 1. Determination of the Velocity of Sound in CO, gas 
by Resonance Column Apparatus. 


Apparatus. Resonance columan apparatus, tuning fork, jars con- 
taining CO, gas. 


Description of the apparatus. RESONANCE COLUMN APPARATUS : 
The apparatus consists of along hollow tube MN of either glass ог 
brass fitted on a vertical wooden board 
standing on a horizontal wooden board 
supported by three levelling screwS— 
one at the back and two in the front. 
The upper end of the tube MN is open 
while the lower end ends into a nozzle 
to which is connected a long rubber 
tube Т. The other end of the rubber 
tube is connected to a reservoir К 
supported by means of clamp. By 
raising or lowering the reservoir, the 
water level in the tube MN, may be 
fixed at any desired height. In between 
the tube MN and the reservoir, there is 
provided a metre scale 5 fixed on the 


same vertical wooden board to mark the 
water level in the tube. 


In certain apparatuses, particularly 


, where the tube ММ is not of glass, а 
Side tube P of glass is pr 


[ ovided from which the position of water 
level in the tube may be easily read out 


sound іп air by resonance column—the only difference here is to 
replace air, in the tube MN over water Surface, by CO, gas 

И a vibrating tuning fork is held near and above the free end 
of the tube MN, it Sets up columns of compressions and rarefactions 
in the adjoining medium, which is here carbon dioxide gas, and these 
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travel with a definite velocity. The sound waves, moving in the 
column of CO; contained in the tube, impinge on the surface of 
water and get reflected. These direct and the reflected waves of 
sound are superimposed resulting in the formation of what is called 
stationary wave. 

When the length of the vibrating column of CO, gas is adjusted, 
by gradually raising or lowering the water surface in the tube, a 
position will be found when the intensity 
of sound heard is maximum. This is the 
position of first resonance as indicated 
in the adjoining fig. 3.2 (a) where there 
is an antinode А at the open end and 
node М at the closed end such that the 
length of the column of CO, in the tube 
is given by /, —2/4 .. (1) where 2 is the 
wave-length of sound waves. 


On futher lowering the water level in 
the tubethere is again obtained a position 
when .the intensity of sound heard is (Fig. 3.2 (а) [Fig. 3.2 (b)] 
maximum. This is the position of second resonance as indicated in 
fig. 3.2 (b) where there are two antinodes А, А and two nodes 
N, N and the length of the vibrating column is given by 


=> ERO 
Combining the two equations, we have 
h—h =1/2 

1:8. »=2(ЬҺ— h) (3). 


Ifn be the frequency of tuning fork, the velocity V of so 

(in СО.) is obtained by the relation 
V —nm.—2n(l— h) 

Thus, from the determination of 1, and 1,, 
in the desired medium can be found out. 

In actual practice however, the antincde is formed not just at the 
open end but ata small distance above it. This distance is found 
to be a function of the internal radius r of the tube, and is called the 
end-correction, According to Rayleigh, this end-correction x is 06 
times the internal radius of the tube. Hence, taking this correction 
also in account, we have, 


for the first resonance — /,-Lx—3/4 


und. 


(4). 


the velocity of sound 


249 


T. в. P.-16 
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and for the second resonance /,4-x = 32/4 „> MEE 
Hence geld oh LU 
and also X 2(l; — h). 


Therefore V=ni=2n(l,.—1,) which is identical with the 
expression (4). 


Procedure. (i) Set up the apparatus as shown above. By means 
of the levelling screws provided at the base, make the tube ММ and 
associated parts vertical. 

(ii) Pour some water in the tube through the reservoir R. The 
quantity of water taken should be such that on raising the reservoir, 
the water level should be close to the free end of the tube and on 
lowering it up tothe lowest position, the water may not overflow 
from the tube. 

(iii) Raising the reservoir, bring the water surface near the open 
end of the tube. Fix the reservoir by clamp. Now invert a jar, 
containing CO, gas at the mouth of the tube MN. Carbon dioxide 
gas being heavier than air will expel out the air in the tube, above the 
water surface and the tube will be filled with CO, gas. Test by a 
burning match-stick, which will be extinguished in СО, gas, 
whether the tube is completely filled with CO, gas. 

(iv) Take a tuning fork of known frequency. Strike it against 
a rubber pad and hold it a little above the tube MN. Starting with 
a small length of the tube above the surface of water, go on increas- 
ing it until the sound heard is intense. Now adjust the water level 
in the tube more carefully till the intensity of sound is maximum— 
when resonance is said to occur. First, test whether the tube is filled 
with CO, gas and then mark the position of resonance twice—once 
while raising and then while lowering the reservoir. The mean of 
the two values of the above readings will give 4, which will be nearly 
equal to one-fourth of the wave-length 2. Р 

(v) Lowering the reservoir, increase the length of the tube, above 
- water level, up to nearly three times the value of /, determined in the 

Operation (iv). 

. ЕШ the tube again with СО, gas, as directed in the operation (iii) . 
Abe the reservoir more carefully, obtain the second 
ДЕУ €asure the length of the tube, above water surface 

8 to the second resonance. Take two readings here 


20—046 while raising and the other while lowering the reservoir, 


У, 
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The mean of these two readings will give the value of l, which will 
be nearly equal to 32/4. 


(vi) Note the frequency of the tuning fork and using the formula 
given above, calculate the velocity of sound in СО: gas. 


(vii) Repeat the above operations with at least two more tuning 


forks. Calculate the average value of the velocity of sound in CO, 
gas. 


(viii) Note the temp. of the column of СО, in the tube and reduce 
the velocity of sound in CO, gas to that at 0°C employing the relation 


t 
ИИ (1- 5 З 


(ix) Enter the results іп the table given below. 


Observations and Calculations 
ee 
Length of the tube Length of the tube 


No. | Freq. of | Corresponding to | corresponding to 5 ES 5 nos 
: 2 Зе 
cof | the tun- | the Ist resonance | the [rei ce ЗЕ ies V 
‘obs. | ing fork =l, cm =l, cm 3 5 55 8 | cm/ 
I | п | Mean |1 | п | Mean | ^ sec) 
1 
2 
3 
Results, Velocity of sound in CO, gas at °С, V=....cm/sec, 


Velocity of sound іп CO; gas at 0°C, V»=....cm/sec. 


Precautions. (i) The experiment should be performed at a place 
"where there is practically no noise. (ii) Strike the tuning fork against 
the rubber pad gently so thatany metallic sound may not be pro- 
duced. (iii) The vibrating tuning fork should be held a few centimetres 
above the mouth ofthetube and must not touch the wall of the 
tube. (iv) If the point of resonance is found to be not sharp, the 
readings should be taken by holding the fork at some distance from 


the mouth of the tube so that the range of maximum intensity may 
be reduced to a minimum. 
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ASSOCIATED EXPERIMENTS 

1. To determine the frequency of a given tuning fork. The velocity 
of sound in air at room temp. is given. 

Hints. Repeat the above experiment with the given tuning fork. 
Taking air in the tube, above water surface, determine the positions 
of first and second resonance and hence calculate (/,—1,). Since V 
is given, calculate the unknown frequency of the tuning fork, from 
the relation 
y 2m.—2n(l, —1) 

ЕРГЕ АЕТ 
202-1) 

2. To show how the length of the resonance column depends прог 
the frequency of the tuning fork, i 

Hints. Repeat the above experiment with at least five tuning 
forks of known fi i 

wn frequency. Determine the length of the tube ? 
(above the water surface) corresponding to the first resonance for 


16371 


У 
E 
o 
| 
9 n—— 5ес-1 х 
(Fig. 3.3) 


Sine fork. Finally, plot а graph with frequency п on x-axis 

e e ЖО, ^ on y-axis. The curve will be a rectangular hyper- 
› аз shown above, which will show t 

Forte freti ; w the dependence of resonant 


3. To find acousti i 
a oustically the end-correction of the given resonance 


Hints. Repeat the above e i i 
b xperiment with a tuni 
quency and determine the len ке oa 


surface of water) corresponding t 


fre h 
gths of resonance tube (above the 
O the first and second resonances. 
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Call them as /, and /,. Now, employing the relation (7), in the theory 
of the above experiment, find the end-correction x. Repeat the 
above operation with two more tuning fork and calculate x in each 
case. The average of these will give the mean end-correction. 


EXPERIMENT 2. To determine the velocity of sound in air by Kundt’s 
tube. 


Apparatus. Kundt’s tube apparatus, lycopodium powder, a piece 
-of leather, powdered resin, a metre scale, and a thermometer. 


Description of the apparatus. KUNDT'S TUBE : It consists of a glass 
tube about one metre long, having a diameter of 5 ст. An 
adjustable piston P is used to close one end of the tube. The tube 
15 called the ‘Wave-tube’. A rod of about one metre provided with 
a disc of diameter slightly smaller than the diameter of the wave- 
tube at one end is clamped exactly at its mid point, and its end with 
the disc is placed inside the wave-tube. This rod is called the ‘sound- 
ing rod’, The sounding rod is arranged to be along the axis of 
‘the wave-tube. When the free half of the sounding rod is pulled 


(Fig. 3.4) 


‘with the leather piece dusted with resin powder along its 
"length, it executes longitudinal vibrations. The procedure of making 
the rod vibrate is called ‘stroking’. The vibration of the rod causes 
forced vibration of the air-column inside the wave-tube. This 
piston P can be adjusted along the wave-tube suitably to set the air- 
‘column of the wave-tube into resonant vibration when the sounding 
tube is stroked. If the wave tube is dusted with dry lycopodium 
powder, then, because of the formation of standing waves inside the 
wave tube, the lycopodium powder collects in heaps on the nodes 
"The distance between the centres of two consecutive heaps of 
lycopodium powder is equal to half the wave-length of sound in air. 


Theory. А rod of length /, cm when clamped at its mid point 
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vibrates longitudinally having a node at its mid point and antinodes 
at its free ends. The wave-length às of the vibration in the rod is, 
therefore, 2,--21,. If n be the frequency of vibration of the rod, the 


е әде; 
А хо! 744 А 
х. 
aes = № Буби 
а] 
(Fig. 3.5) 
velocity у, of sound in the rod will be given by 
Уз =21,п 
Vs 
so that, я ПЕР: 


If Y be the Young's modulus, and p be the density of the materia} 
of the rod, then 


Jz 
ES -/ а (DE 


The vibration of the sounding rod sets up the air-column of the 
wave-tube into resonant vibration if the piston P is properly adjusted. 
In this condition the frequency of vibration of air-column in the 
wave-tube becomes equal to that of the rod. The superposition of 
direct and reflected waves inside the tube gives rise toa standing 
wave. If lcm be the separation of two consecutive nodes of the 
standing wave and v, be the velocity of sound in air, then, 

Ya=Nhq=n.2Ig, where ^а =wave-length of sound in air 

У 
so that FOE HE (2). 
Combining equations (1) and (2), we have 


Va ms 
d 5/2 


8 р 
Procedure. (i) Make the inner surface of the glass tube of the 
apparatus dry by blowing a stream of hot air through it. 
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(ii) Obtain some dry lycopedium powder by putting the powder 
on a piece of paper in the sun for about half an hour. Tilt the glass 
tubs and put a small quantity of powder in it. Gently tap the tube 
to obtain a 2mm wide line of lycopodium powder along the length 
of the tube. 

(iii) Arrange the tube.on the stand of the apparatus. Check if the 
sounding rod is clamped exactly at its mid point. Dust the piece of 
leather with resin powder and pull along length of the rod with lea- 
ther. The rod will sound freely if it is clamped at its mid point. 

(iv) Now adjust the piston P at the other end of the tube gradual- 
ly by pushing it inside the tube by about 1 cm and keep on stroking 
the sounding rod until it is found that lycopodium powder particles 
put inside the wave-tube vibrate vigorously, and they collect pro- 
minently at the nodes. It will be necessary to move the piston P 
very slowly for the final adjustment for resonance. 

. (v) Measure the distance between the centres of the clear extreme 
heaps (nodes) of the powder. Let this be dcm. Count the number 
p of antinodes between these heaps. The value of la will be d/p cm. 

(vi) Repeat the determination of /q at least thrice. { 

(vii) Note the temperature of air inside the wave-tube with the 
help of a thermometer. 

Observations 

Temperature = 30:0%С. 

Length of the rod = 15 = 123'0 cm 


Distance between | No. of antinodes + 
5 of clear extreme _ | between the extreme 
se heaps=d cm heaps=p 
1 37-80 3 
2 | 50-48 . 4 
3 | 63-05 3 


Calculations. 

Material of the rod = Brass. ` 

Value of Y of the material of the rod =9-7Х 10 dyne/sq. cm. 
m RAD 33 зэ > = 8:4 gm/c.c. 
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la „т 12:61 /97x 108 
Таза pM нса НН А . 
SM EFT 54 3484:2 cm/sec 
—348'42 metres/sec. 
Temperature Correction, 
If va, be the velocity of sound in air at {°С and Yao be the velocity 
of sound in air at 0?C, then 
Yao — Yat (1 — $t) = 348:42 (1— 1x 0700367 x, 30) 
=329°23 m/sec 
where а = сое стер of expansion of air 
=0 00367 
©; Фетгог--0:60%,. 
Hence if vs; is determined, the value of velocity of sound in air 
at 09С can be calculated from the above expression. 
Humidity Correction. 


If f mm of mercury be the pressure of the aqueous vapour at 1°С, 
and Pis the pressure of air in mm of mercury at 7°C, then, the 
velocity of sound in dry air va; is given by 


— 0:38 
Vata = Vat JE 


2. Velocity v, of sound in dry air at 0°C is given by 
Yo = Vat Ja -і at). 


Note. Instead of making use of the values of Yiand р of the 
material of the rod taken from a book of physical constants, the 
frequency п of the rod may be determined with a sonometer, and the 
value of the velocity of sound in air may then be determined by the 
relation, 

Ya —n.2l,. 

The following steps may be followed to determine the frequency 
of the rod by a sonometer : 

(i) Take a tuning fork of known fre 
between the bridges of the Sonometer 
the waxing and waning of the sound 
fork and sonometer are sounded toge 
of the distance between the bridges gradually so that the number of 
beats heard per second gradually diminish and finally disappear. Now 
measure the length /' of the wire between the bridges. The frequency 


quency and adjust the distance 
placed below the wire to hear 
(beats) when both the tuning 
ther. Make further adjustments 
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a’ of the tuning fork will be 
«-Д,/Т, where T=tension applied to the sonometer wire, 
т 


and m=mass рег unit length of the wire. 

(ii) Now, stroke the sounding rod of the Kundt’s tube, and sound 
the sonometer. Adjust the distance between the bridges of -the 
sonometer to hear beats when both the sounding rod and the sono- 
meter are sounded together. Keep on adjusting the distance between 
the bridges so that the number of beats heard per second gradually 
diminish and finally disappear. Now’ measure the length / of the 
wire between the bridges, The frequency п of the rod will be 


e 
o2IM m^ 


, 
Непсе, 225 or n—n'. s so that if n' is known, п may be 
n 


«calculated. 


ASSOCIATED EXPERIMENTS 


1. To determine the velocity of sound in carbon dioxide gas. 

Hints. Take a Kundt's tube apparatus with an inlet hole in 
a cork arranged behind the piston P. Prepare the carbon dioxide 
gas in a Kipp's apparatus and pass it through drying tubes. Then 
pass the gas into the wave-tube through the inlet until the air inside 
the tube is fully replaced! by the раз. There should be another cork 
‘with an outlet hole arranged behind the piston of the sounding rod 
for the exit of the gas. Now determine the length /, between the 
‘centres of the consecutive heaps of the lycopodium powder following 
the procedure described in the Expt. No. 2. If the frequency п 
of the sounding rod has been determined by 'sonometer, then the 
welocity vg of sound in carbon dioxide is given by 

yg —nx 211. 
2. То compare the velocity of sound in two gases. 
Hints. Let 1,,, and lj, be the distances between the centres of 


consecutive heaps in the two gases respectively. Then the ratio 
of the velocities vj, and Yo, of sound in the two gases will be given by 
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3. To determine the velocity of sound in the material of th 
sounding rod. к 
Hints. The velocity of sound у, in the material of the rod is 


given by vs=n x 2ls, where ls is the length of the rod and the velocity 
of sound v, in air is given by 


Ya —nX 21, where l, = distance between two consecutive nodes.. 


ог их №. Hence, if the value of velocity of sound in air 
a 


is assumed, then the velocity of sound in the material of the rod can 
be calculated. 


4. To determine the ratio of two specific heats of gas, y, by Kundt's 
tube experiment. 
Hints. Тһе velocity of sound, v, in air at 0°C is given by 


Yo E where P — normal pressure of air in absolute unit 
— 76x 13:6x 981 dynes/sq cm, 
D —density of dry air at N. T. P. —0:001293 gm/c.c. 
Y —ratio of the two specific heats of air. 
Hence if the value of v, is determined as explained in Expt. No. 2, 
then the value of y can be calculated from the relation 
vD 
К 


2.5. xà determine the Young's modulus of the material of the sound- 
ing rod. 


and 


f= 


Hints. The velocity of sound, vs, in t 
ing rod is given by »=,/# 


modulus and density respectively of the material of the rod. 


у The value of у, can be determined by the method described in 
e 


lated Expt. No. 3, and the density of the material of the rod. 
also can be easily determined. 


| Непсе У сап Бе calculated from the 
above relation. s 


he material of the sound- 


; Where Y and D are the Young's. 


VIBRATION OF STRINGS AND FREQUENCY: 
n DETERMINATION 


EXPERIMENT 3. Determination of the fr 


*quency of a tuning fork by 
Melde's Experiment, Lord 
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Apparatus. Tuning fork, string, pulley, pan, table, clamp, balance,. 
weight-box, bow, two pin-stands, scale. 

Description of the apparatus. The practical arrangement of the- 
apparatus for this experiment consists of a rigidly mounted tuning. 
fork and a pulley. Опе end of a uniform string is attached to one 
prong of the tuning fork while the other end, passing over the pulley, 
carries a pan on which weights can be placed so as to keep the string. 
stretched and in tension. The positions of the nodes on the vibrating. 
string are marked by pin points carried on two movable stands. 


Theory. The string is fixed horizontally while the tuning fork 
may be placed either in the longitudinal or in the transverse position. 


‘LONGITUDINAL POSITIONS OF THE TUNING FORK 


When the vibrations of the prongs of the tuning fork are along: 
the length of the string, it is said to be in the longitudinal position 
(Fig. 3.6). 

Since the two ends of the string are fixed and are not free to vib-- 
rate, so on setting the string in vibration, they will always be the 
points of nodes. 

In this position, in Longitudinut 
course of vibration, when ` 
the prong, to which the E a n 
string is attached, reaches 
the extreme outward 
position (i.e. extreme right 
in the fig.), the string, 
being slackest, sags and 
comes to rest (as shown Wig: 3:6) 
by the lower dotted line). The prong continues to vibrate and after 
half a period when it reaches the extreme inward position (i.e. extreme 
left in the fig.), the string becomes most tightened and moving 
upward, occupies the horizontal position (as shown by the full line). 
Again, after next half period, when the prong reaches the extreme 
outward position, the string becomes slackest, but owing to inertia. 
of upward motion, the string goes up and occupies the position shown 
by the upper dotted line, instead of sagging. 

Thus:by the time the fork completes one oscillation, the string 
completes only half oscillation i.e. the time period of oscillation of 
string is double that of the fork i.e. the frequency (л) of the string 
is half that of the fork (М). 
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Hence, in the longitudinal position of fork, frequency (n) of the 
"string =} frequency of the fork (№) ie, N=2n. 


TRANSVERSE POSITION ОЕ THE TUNING FORK 


When the prongs vibrate perpendicularly to’ the length of the 
*string, the fork is said to be in the transverse position (Fig. 3.7). 


== Transverse 
р d Ni z---3--.. ,,-2--с-- 52 a 
NSS ee PE 


(Fig.3.7) 


Tn this position ofthe tuning fork, it is readily seen that the string 
3s most tightened both when the prong, to which the string is attached, 
18 in the extreme outward or extreme inward position. In other 
words, both the string and the fork take the same time interval in 
completing their half cycles i.e. in this position of the fork, the fre- 
'quency (n) of the string is the same as that of the fork i.e. 

N-n. 

In the actual performance of t 
‘does not vibrate in one segment 
various loops. However, 
good in any case. 


he experiment the whole string 
rather it usually breaks up into 
the above relations continue to hold 


When the fork is excited, transver: 


se vibrations are set up in the 
‘string and the frequency of the vibrat 


ing string is given by 
TET rt 
"27 т? 
where 1= distance between any two consecutive nodes, 
T — tension applied to the string, 
m — mass of unit length of the string, 
Thus, from the experiment, /, T and т being known, the fre- 
quency (п) of the vibrating String can be fo | 
1 und e the 
frequency of the tuning fork SE SORA 


N —2n (for longitudina] Position), 


and =n (for transverse Position), 
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Procedure. (1) Place the sound box on the working table and 
clamp it to the longer side, at the edge of the table. Now, rigidly fix 
the tuning fork to the sound box in either position (i.e. Longitudinal 
or Transverse) as desired by the experiment (see Fig. 3.6 or 3.7 
above). ` 

(ii) Take a string of uniform thickness and of about 1:5 metre 
length. Tie its one end to one prong of the tuning fork near its tip. 
To the other end of the string attach a weighed pan and let the 
string pass over a light pulley fixed at the end of the table so that 
the pan hangs vertically. Adjust the position of the pulley such that 
the string, between the fork and pulley, is horizontal and parallel 
to the edge of the table. 


(ii) Place some weight, say 10 or 15 gm on the scale pan and 
begin your experiment with about one metre length of the string: 
between the pulley and the tuning fork. The total weight suspended. 
from the string, i.e. the weight of the pan plus the weights on the 
pan will give the tension of the string. 


(iv) Excite the tuning fork by drawing a resined bow sharply at 
one of the edges of the prongs. In general, the amplitude of vibration 
will be small and will tend to die down quickly. So, adjust the- 
length of the thread, by changing the position of the tuning fork (by 
about half a cm each time) until, the thread vibrates with large 
amplitudes, Finally adjust the length more carefully for getting the 
best position when the vibrating loops will come out very clearly. 


(v) Now, set up two pin pointers (horizontally for longitudinal 
position of the fork and vertically for the transverse position of the- 
fork) by means of clamps at the same height as the string and сате-. 
fully mark out the positions of two extreme well defined nodes. 
Measure accurately the distance between the pointers with the help of 
a metre scale and counting the number of loops in between, calculate 
the average distance / between two consecutive nodes. Take three 
sets of such readings. 5 


(уі) Repeat the above operation for different weights on the pan 
and obtain / for each weight. 


(vii) Measure the length of the vertical portion of the string 
which carries the scale pan including the knot that’ fastens the 
scale pan. 


(viii) Weigh the scale pan correctly up to a centigram. Also 
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weigh a known length of the string and hence find the mass of unit 
jength of the string. А 

(ix) Enter your results in the tabular form and calculate л and 
hence the frequency N of the tuning fork. 


Observations and Calculations 


р ЕЕ EE лы E a EBERT 


No. of ist between | No. of loops between Mean value 
observa- Е (cm) pointers 1 (em) of 1 (cm) 
tions 
1 
2 
3 
АН т i0. 
әлді 
Length of the string taken for Weighing=........,. ст. 
Mass of the string taken for weighing=.......... gm. 


Length of the vertical portion of the string carrying the 


scale pan (Г)=...... cm. 
Total tension T— (4 +В+1т) &=........ dynes, 
n= x Tl ИРИ per sec, 
МЕЕ рег sec. (for Longitudinal Position) 
OLA ИИ Per sec. (for Transyerse Position), 
TABLE 2 


Longitudinal position of the Tuning Fork, 
Length of String taken for weighiog— 103:2 cm. 
Mass of String taken for weighing — 0:645 gm. 
Mass per unit length of string (m) = 
Mass of scale pan (А) —30:505 gm, 
Length of Vertical portion of string (Т) 220-9 cm. 
Lxm=20-0x 6°25 x 10-8 =0-125 gm. 


625x 10-9 em/cm, 
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Total ten-| Dista- Frequency [рәме > 
Weight | sion T= | nce bet- | No. of of string ney of С 
"No. обор pan | (4--8-- | ween | loops | zom |Mean | n= tuning ‘|9 
obs. (B) Lm)g |pointers |between of! | 1 T fork a 
(gm) | dyne jin (cm) pointers| іп cm —— / m | N=2n |8 
| 21 = 
37-10 2 18:55 
1 5 3:492 | 55:56 3 18:52| 18°50} 63:88 127-76 
x10: | 73°76 4 | 18-44 
| | 
А Т 3:982 39:64 2 |19:82 
59°70 3 19:90] 19:85 63°58 127:16 
X10 | 79.32 4 | 19-83 
—— i ‘= Бај 
42-10 2 | 21-05 Е 
4:472, 3 N 
3 15 63-03 3 |2101 21-05] 63:56 127-12 |S 
X10 | g432 4 | 21-08 2 


TABLE 2 
Transverse position of Tuning Fork. 
Length of string taken for weighing = 103:2 cm. 
Mass of string taken for weighing =0'645 gm. 
Mass per unit length of string (т) =6'25 gm/cm. 
Mass of scale pan (A) =30°505 gm. 
Length of vertical portion of string (Г) =16`2 cm. 
<. Lxm=16'2x 6 25x 10=0'101 gm. 


Weight |Total ten-| Dista- | No. of 
No. of sion T=| nce bet- | loops 
of |pan(B)| (44-B--| ween |between| /cm 
obs, | ingm | Lm) g in| pointers |pointers 
dyne іп cm 
37-20 4 
3:489 ^) 
1 5 46:40 5 
х10* | 5610 6 
‘ 39°64 4 
2 10 | 3979 | 49-80 5 
59°52 6 
ie 41:80 4 
3 is |7446 | 52-00 5 
63-00 6 


Frequency 
of string | Freque- |= 
nz. ncy of |5 
tuning |S 
fork |8 
М-п |3 
126:89 


Ie 
M 
Ге) 
> 
12725 
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Result. Frequency of given tuning fork = 127-25 per sec. 
Precautions. (i) Use as uniform string as possible. 
(ü) In measuring 1, do not measure the distance between the 


ends of the string at the fork and the pulley, since these points are 
not perfectly at rest. 


ASSOCIATED EXPERIMENTS 

1. To prove that the frequency of the string for longitudinal 
tion of the fork is half that of the transverse position. 

Hints. Repeat the above experiment first setting the tuning fork 
in the longitudinal position and then in the transverse position and 
hence prove the result. ) 

2. To find the linear density of the thread supplied by Melde's 
method. 

Hints, Repeat the above experiment. Use the supplied thread 
as the experimental string. Taking a tuning fork of known frequency, 
hold it in either position and determine the length / of the thread 


between two consecutive nodes for any known tension T. Then. 
using the formula : 


posi- 


find out m which will give the mass per unit length 1 
о 
density of the thread. gth or the linear 


3. To compare the frequencies of the i ; 
verify the resi by another method. two given tuning forks and to 
Hints. With the given tension and String perform the above 
periment and determine the length /, for the tuning fork of frequ pu 
т. Now, without changing the tension and the string, iE ae 
same experiment with the second tuning fork of frequency и, а 
determine the length /, of the string between two consecutive nodes 


Now, meg М апа м/г. 
ут 21 т 


љт. } 
Hence, + ES from which compare the frequencies of the two 


tuning forks. 
Verify this result either by sonometer or Ь 


reson 
method. y resonance tube 
4. To determine the weight of i 
method. meight of tbe, given load by an acoustical. 


Hints. Weighing the thread and measuring the whole length 
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calculate the mass per unit length ofthe string. Now, perform the 
above experiment with a tuning fork of known frequency, with the 
given load on the pan and determine the length / between the con- 
secutive nodes. From the formula 


CX M 
n a 


determine the total tension T. 

But total tension T— weight of the pan (4) -- weight on the pan 
(B)+weight of the vertical portion (Г) of the thread carrying the 
pan. 

ie. T=(A+B-+Lm) g dynes. 

Thus knowing A (by weighing) and Lm (by measuring the vertical 
portion of the thread and multiplying it by m), find out Bg i.e. the 
weight of the load supplied. 

5. To find the mass ofthe pan attached to the Melde’s apparatus 
without detaching it. The value of frequency of the fork and a sample 
of thread is provided. 

Hints. From the given sample of the thread, calculate m, the 
mass per unit length. Now, place some known mass (say M; gm) 
onthe pan. Holding the given tuning fork, whose frequency is 
known, in any position, find out the value of /. Now, measure the 
length L of the vertical portion of the thread. Now, using the formula 


na 
~ 27 т” 


calculate T, the total tension. 

But, the total tension 7=(Mass of the pan-+mass on the pan 
+Lm) g. 

Other quantities being known, find out the mass of the pan 
from the above relation. 
EXPERIMENT 4. Verification of the Laws of Transverse vibration of a 

stretched string by a sonometer. 

Apparatus. Sonometer, tuning fork, rough balance aud sensitive 

balance, weight-box, scale etc. 


Description of the apparatus. SONOMETER : The sonometer which 
is а тпопссһога, consists of a hollow wooden box, about a metre 
long having holes in the sides so that air inside the box can commu- 
nicate with the air outside, and supported on legs. A wire, called the 
experimental wire, is tied to a peg P fixed on the board while the other 
end passes over а pulley and carries a hanger H on which weights 
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can be placed so as to keep the wire stretched and in tension. In 


(Fig. 3.8) 
between the peg and the pulley, the wire passes over two fixed bridges 


B, and B, at the two ends of the box. Another wire called the com- 
parison wire is fixed, parallel to the experimental wire, between 
another two pegs on the two ends of the box. The apparatus is pro- 
vided with two or more movable bridges, like В), below the wire, to 
adjust the length of the vibrating wire. The wire is set into vibration 
either by plucking or by bowing. The frequency of the emitted 
note can be altered by changing either the distance between the 
bridges or the tension applied to the wire. There is a metre scale MM 
by the side of the wire, to measure the length of the vibrating wire. 
The forced vibrations produced in the box, by the vibration of the 
wire, sets a large volume of air into vibration. Thus even the feeble 
sound of the wire is intensified and is quite loud for the purpose. 

Theory. When a flexible stretched string of length / is plucked 
and is set into vibration, the transverse waves proceed along the 
string with a velocity V given by 


v= JT | To 


where Tis the tension applied to the string (or wire) of mass m per 
unit length. . 


If the string vibrates іп йө fundamental, it will vibrate in one 
segment having nodes at the two fixed ends and an antinode at the 
middle so that / 22/2 or А = 21. 


Hence, V-nk-n21— МТ]т. 


Жусу qam і 
ig һ-2/2 "NO 


for the fundamental vibration of the string. 


From the above equation (2, follow the laws 
à E ? of t 
vibration of a.stretched string. Mtis 
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From the equation (2), it is clear that 
(1) noc г. if T and m are constant і.е. the frequency of vibration 


of a given stretched string varies inversely as the length of the vibra- 
ting segment of the string under a constant tension. This is known 
as the Law of Length. 

(2) noc / T if I and m are constant i.e. the frequency of vibration 
ofa given stretched string of a given length varies directly as the 
square root of the tension. This is known as the Law of Tension. 


mi 1 Е ^ 
3) nec —— if / and T are constant і.е. the frequency of vibration 
Мт 


of a stretched string varies inversely as the square root of mass рег 
unit length for the given length of the string under constant tension. 
This is known as the Law of Mass. 

The Law of Mass has two aspects— 

For a uniform wire of circular cross-section of radius г and 
density р, the mass per unit length —zr?.1.p —ar?p. 

Hence 


a 1 
noc——— 1.6. пос 


ут a/ «rp 


А desee DEC A. 2 
ke. nor if p is constant and also nc ifr is constant i.e. 
p 


under constant tension, for a given length of wire of a particular 
material, the frequency of vibration varies inversely as the radius of 
the wire. This is known as the Law of Radius or the Law of Diameter. 

And also, under constant tension, fora given length of wire of 
constant thickness, the frequency of vibration varies inversely as the 
square root of the density of the material of the wire. This is known 
asthe Law of Density. 


Procedure. Тп arough balance, weigh the hanger for suspending 
weights. Also test the exactness of. the kilogram or half kilogram 
weights by weighing them in the rough balance nearest to a gramme. 
Suspend some weights on the hanger so that the tension is sufficient. 

Now, in order to verify the laws of transverse vibrations proceed 
as follows— 


LAW OF LENGTH 


(i) Take a tuning fork of known frequency. Strike it on a 
rubber pad, and press its stem against sonometer board, when 


xy 


260 A TEXT BOOK OF PRACTICAL PHYSICS 


a sound will be produced. Produce another sound by plucking the 
wire between the two movable bridges and see whether the two 
sounds produced are in unison. In general they will not be in 
unison. Bring about the unison between two sounds by moving one of 
the movable bridges when the beats previously heard just disappear. 

(ii) Carefully examine the state of unison when on pressing the 
stem of a vibrating fork against the sonometer board, a small paper 
rider placed on the wire will be violently thrown down. 

(iii) Measure the distance between the two movable bridges by 
the metre scale provided. Repeat the observation thrice and find out 
the mean value of the distances between the two movable bridges 
which will give the resonant length (/1) for the fork (of frequency m) 
taken. 

(iv) Keeping the tension constant, repeat the above procedure 


ee tuning forks of other frequencies and note the length (Z) in each 
ase. 


Y (v) Now show that 
n]l,—nj,— .... constant 
which will verify the Law 
of Length. 


(vi) Plot a graph with 


n along x-axis and 1 


{оа Ss 


135 along y-axis. If it comes 
layin | out to be a straight line 
(Fig 3.9) ? passing through the origin, 
the above law is verified. 
Next, plot another graph with log n on x-axis and log Г on y-axis. 


If it comes out to be a straight line with slope equal to —1, the Law 
of Length is verified. 


6 


LAW OF TENSION 
The verification of this law may be done b i 
а 
я y any of the following 
(a) Method involving the use of comparison wire 
(i) Provide two bridges to the comparison wire. Apply a tension 
T, to the experimental wire of the sonometer. Now, setting the 
bridges under experimental wire Conveniently apart і es a 
sound of suitable pitch. Adjust the distance be! T5 


: : р 3 tween the bri 
under comparison wire until the sounds emitted by the two uon 
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in unison i.e. when the beats previously heard just disappear. Measure 
the distance /, between the two bridges under comparison wire. 

(ii) Now change the tension applied to the experimental wire to 
Т.. Without altering the position of the bridges under experimental 
wire, adjust the distance between the two bridges under the com- 
parison wire until the unison is obtained between the notes from 
the two wires. Мое down this length /„ of the comparison wire. 

(iii) Repeat the above procedure, increasing the tension on the 
experimental wire in steps of one or half kilogramme and noting 
the length / of the comparison wire each time. 


(іу) Now, show that Til? Y 

=T? —T,S — .... constant 
| | 
ie por ) 
12 

і.е. + СҮТ. 

But from the Law of Length 

1 о = х 

nay. (Fig. 3.10) 


So, combining the two, we get n c y/T. 
Hence, if Т,/3-Т,2--Т,,2 etc.....come out to be constant, 
the law is verified. 
1 


Also, plot a graph with T on x-axis and т n y-axis. If it comes 


out to be a straight line passing through the origin, the law is verified. 

(b) Method involving the use of tuning fork. 

(i) Apply a certain tension T, to the experimental wire. 

(ii) Allow the tuning fork to vibrate and adjust the distance 
between two bridges under experimental wire so that the note emitted 
by the segment, between the bridges, is in unison with that of 
the fork. Measure the distance /, between the two bridges. 

(iii) Repeat the above procedure, increasing the tension to the 
experimental wire, in steps of one or half kilogramme and noting the 
length / between two bridges under experimental wire each time. 


(iv) Now, show that Т. constant in each case, 


ie. loc УТ, when n and m are constant. 
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So again from the law of length, /ос = where T and m are constant. 


Hence jointly, 
loc МТ, when m is constant 
n 
or noc УТ, when m is constant 
or посА/Т, when Гапа m are constant. 


This is the Law of Tension. 


Hence, if it is found that E Т_Т 
1 


=a constant, then, this law holds good. 
Also, plot a graph between T and P. If it is a straight line, 
passing through origin, the law is verified. 


LAW OF MASS 


For the purpose of verifying the law of mass, again either of the 
following two methods may be employed. 


(a) Method involving the use of comparison wire. 

(i) Apply a certain tension of 3 ог 4 kilogrammes to the experi- 
mental wire and place the bridges under it suitably apart. 

(ii) Adjust the distance between the two bridges under the com- 
parison wire until the notes emitted by the two segments of the two 
wires ате in unison. Note the length /, of the comparison wire 
between the two bridges. 

(iii) Take out the experimental wire. Weigh it in a sensitive 


balance and measure its length and hence find out the mass (mi) per 
unit length of the experimental wire. 


Y 
(iv) Repeat the above procedure, 
| taking the different experimental 
wires (i.e, mass per unit length being 
Ё different) and finding that length of 
the comparison wire which emits 
sound of the same frequency as 
0 = x that of the sound emitted by а 


constant length of the experim 
; > ental 
(Fig. 3.11) Wire, in each case, 7 
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(v) Now, show that 


2 — 
: — — constant in each case i.e. Joc у/т. 
11 та т 


But, since по, 


so, TOR which is the Law of Mass. 
Ут 


2 ° H 
Hence, if i comes out to be constant in each case, the law is 
m 


"verified. 


Plot a graph with m on x-axis and /? on y-axis. If itis a straight 
line passing through the origin, the law is verified. 
(vi) Now, taking the different experimental wires of the same 


material but of differing radii гу, 7ә rs etc. and performing the above 
procedure show that 


ll]. =..........constant, which will verify the Law of 


Radius since na... and hence noc 24 
* (vii) Again, taking the different experimental wires of the same 
radius but of differing materials of density ру, ps, ps etc. and perform- 
ing the above procedure, show that 


lè 1? dé constant ie. loc4/p which will verify the Law 
Py Ps Рз 


«of Density since emit and hence nal, 


1 Мр 

(b) Method involving the use of tuning fork. 

(1) Apply a certain tension of 3 or 4 kilogrammes to the experi- 
mental wire (of mass m, per unit length) and adjust the distance 
between the two bridges under it until the sound emitted by the 
‘segment of the wire is in unison with that emitted by the tuning fork, 
Note the distance /, between the two bridges. 


(ii) Repeat the above procedure with different experimental 
wires of differing mass per unit length. Keeping the tension the same 


sin each case, find the distance / between the bridges under experi- 


mental wire. 
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(iii) Now, show that Zym is constant in each case which will 
verify the Law of Mass as discussed above. 


(iv) In a similar way, taking different experimental wires of the 
same material but of differing radii and of the same radius but of 


differing material, and performing the above operations, verify the: 
Law of Radius and the Law of Density separately. 


Observations and Calculations 


TABLE 1 
Applied tension =2500 x 980 dyne. 
es ч 
| 


Freque- Reading | Reading! 1 
No. |ncy (of | of left | of right| Differe- ЕЗ | 
of tuning | bridge | bridge nee 1 пх 1 log n log! 
obs. fork |in (сш) |in (cm) la—b—1 | 

n]sec. a b (incm)| cm~: 

— | MORET 

1 512 3710 | 5330 | 1620 |0-0617| 8294-4 | 2:7093 | 12095 
2 342 36:40 | 60:70 | 24:30 | 0-0112 | 8310*6 | 25340 | 1-3856- 
3 288 | 30:05 | 58:90 | 28:85 | 0:0347 | 8308-8 | 2:4594 | 1:4601 


—. 


300 350 400: 


450 
N — (1519 divn. =50 Sec) cag 


(Fig. 3.12) 


= 


2-0 
1 $ 
1-9 H 
TE H i 
(C66 НН Е Hj 
~ 
~ 
S417 
o 
u 
= 7-6 
E 
E fH 
Е 
G 
= га ; 
| 7:5 
~ 
> 
© 
“э (|52 
74 
„ЕТ, с 
no Xr. 
ФО 241 22 238 24 25 226 27 28 29 ғо 
log п> (тап diyn, = 0-01) 
(Fig. 3.13) E 
TABLE 2 
А Length of auxiliary wire 
Mass о В ааыа 
Tension о f i 5 
No. | Hanger+ experimenta] Reading Reading Diffe- 1 
of | Wt. on| де in | of left ofright | 906 |" (ст) | - |TxI* 
obs. hanger dyne bridge | bridge zi 
in (gm) in (cm) | in (cm) (cm?) 
1 | 10x10 | 098х10% | 3650 |7640 13990) 1592:0 | 06289 |15601 
---- 3 pees 
р . š 4 : З 9:7569 11:5624 
2 |12х10° | 1176х10% | 42:90 | 79:35 |3645 | 13286 | „то | x10 
s Е z 3 3 .,| 98812 |1:5582 
3 | 14x10 | 1372х 10° | 44-50 | 78-20 | 33-70 | 1135-7 | 08512 |15582 
т г 3 а Р 0 | 10110 |1-5508 
4 | 16х10 | 1:568 х10* | 48-45 | 7990 | 31:45 | 9891-0 х10- | x10% 
z г Т 5 0 | 1337 |5560 
5 18 Хх 10° 11:764x10* | 50:65 80:35 29-70 | 8821:0 х10- | x107 


VIBRATION OF STRINGS 


А 


5 
ON 


А TEXT BOOK OF PRACTICAL PHYSICS 


P 
. 
D 


733 


~ 
T 

4 

Н 

f 


"РУ 
zo-02x10 5 Cm ^) 
SER 
: 


Vi 


4 


D^ 
П, 

9 

% 


Д 


—> (1small di 
S27 Же 
№ > 
Т 


ы 
(2 
H 
1 


© 


0:2 0.4 06 0.8 ғо 


12 {4 тб 78 
Tension, T— ( 18mall divn,= 0-02 x to9 dgnes ) 


(Fig. 3.14) . 


TABLE 3 


Length of auxiliary wire in cm 


No. | Linear den- R n 
of | sity of wire БЕС СЕН ЕЕ Diffe- | Mean n B 
obs.| m gm/cm bridge | bridge | rence length D 
а b (a—b) 1 
-—"— T — | 
1|620x10- | 75:60 | 43:35 | 3225 


6845 |3605 |3240 |2233 | 1045-23 


3800 |409 
н 90 
| 26:50 | aroo | 4095 167690 
31:25 |5025 
29-85 |5015 | 920 | 252004 


1:6859 x 105 


2 | 998х10-: | 79:90 
67-50 


----ә- 


1:6803 x 10° 


14:98x 10-2 | 81:50 
80:00 


— 


1:6836 < 105 
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25.0 са? ) 


T 
F 
+ 
HEHEH 
H 


É — ( 1 Small diva. 


23 
е 
ғә 


4. 6 8 10 12 1k 16 


т--“ 1 Small divn.= 0.2X10? am. } 
(Fig. 3.15) 


Precautions. (i) The pulley of the sonometer should be provided 
"with ball-bearings to minimise the friction. 

(ii) The above experiment should be performed with fairly large 
tension so that / may be large and hence error in its measurement 
may be small. But, care should be taken that it should not exceed 
half the breaking weight for the wire. 

(iii) For the wire to emit its fundamental note, it should be pluck- 
ed or bowed in the middle of the two bridges under the wire. 

(iv) Do not use finger nails to pluck the wire as it is likely to give 
harmonics or overtones. Р 
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ASSOCIATED EXPERIMENTS 


1. To find the frequency of a tuning fork by a Sonometer. 

Hints. Apply a certain known tension T to the wire of the sono- 
meter. Striking on a rubber pad, excite the given tuning fork and 
тип it along the wire with one of its vibrating prongs (close to the 
bend of the fork) in contact with the wire between the two bridges. 

In general, beats will be heard if both the fork and the sono- 
meter are sounded together. Adjust the distance between the two 
bridges so that the number of beats per second goes on decreasing. 
till finally beats disappear. Measure the length between the two: 
bridges. 

Weighing a known length of the experimental Wire, in a sen- 
Sitive balance, find out the mass m per unit length of the wire. 

Thus, /, T and m being known n can be evaluated. 

Repeat the above procedure with different values of tension 
Т. The average of the different values of n will give the frequency 
of the given tuning fork. 

2. To determine the weight of the hanger used with the sonometer 
experimental wire without weighing it, 


Hints. Without weigh- 
ing the hanger, repeat the 
above experiment for veri- 
fying the law of tension and 


draw a graph with i on 


wt, onthe hanger —> 4 


x-axis and tht weight of the 
hanger on y-axis The 
x intercept оп y-axis, below 


О! 
р A ГЕ the origin will given the weight 
i А of the рап. 
A wt. of the hanger 3. To determine the den- 


Sity of the materjal of the given 
wire without weighing it ina 
balance using a sonometer, 

nown frequency and using the 


(Fig. 3.16) 


Hints. Takea tuning fork of k 


given wire as the experimental Wire, repeat the above ex eriment 

No. (2) (in associated experiment Section). Now, froin dhs earn 
| > 

n=— | — 


= І Е 
anm lculate the linear density т. Measure the radius 
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of the wire with a screw gauge and then calculate the density p from 
the formula m —nr?p. 

4. To compare the diameters of the two given wires of the same 
material with the help of a sonometer. 

Hints. Use one of the given wires as experimental wire. Apply 
certain tension to it and place the bridges under it suitably apart. 
Now, adjusting the distance between the two bridges under com- 
parison wire find the length /, of the comparison wire which emits 
sound of the same frequency as that of the sound emitted by a given 
length of the experimental wire. Let its mass per unit length be m;. 

Now, repeat the above procedure with the second wire and find 
the length /, of the comparison wire. 

Now, if d, and d, be the diameter of the two wires, then, from the 
law of diameter (or law of radius) 


те d.h from which compare the diameters of the two wires. 
2 2 


5. To compare the densities of brass and steel, using wires of 
‘these materials and a sonometer. 

Hints. Using the brass wire (of density say p,), repeat the above 
experiment for verifying the law of mass and find the length 
J, of the comparison wire which emits sound in unison with that 
emitted by a constant length of the experimental wire. Next 
repeat the same operation with steel wire as the experimental as 
and find the length /, of the comparison wire. 

Now, from the law of density 

hi ug 


Рі Pa 


a 
i.e. - E from which compare the densities of brass and steel. 
a 2 

6. To find the frequency of the given tuning fork with the sonometer 
and then to find the unknown load supplied. 

Hints. For finding the frequency of the given tuning fork—see 
the Associated experiment No. 2. When the frequency of the tuning 
fork is known, repeat the above experiment for verifying the law 
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of tension and determine the mean value of the constant ТР. Also 
plot a graph (7-2 Р 


Now, remove all the loads and suspend the unknown load W 
from the hanger. Determine the length L of the comparison wire 
which produces sound in unison with that of the experimental wire 
of constant length. Now, divide the constant ТІ? by L and obtain 
the weight of the supplied load. 


Also, from the graph, find the weight corresponding to the length 
L. Compare the two values. 


Dm 


4 OPTICS 


EXPERIMENT 1. To determine the focal length of a convex mirror 
by Kohlrausch’s method. 


Apparatus. A half metre scale, a metre scale, telescope, tape. 
plumb line, and the convex mirror. 


. (Fig. 4.1) 


Theory. Let а large object like а metre scale be placed horizon- ' 
tally in front of the convex mirror and let A and B be two marks 
on the object. On account of reflections of the rays incident from 
the object to the mirror, as shown in the figure given above, the vir- 
tualimage a'b' of the object АВ is formed behind the mirror. 
a'b' appears to be projected on another scale placed in contact with 
the surface of the mirror. Let its length as read on this scale by an 


' eye placed at D be Г. 


Hence, from the geometry of the figure, 
ПИЧИ СТ | 
Талда ЕЕЕ а). 


Also we have the relation Гог и, у and г (the radius of curvature) 
given by 


1 1 И 
гаг =. 
EOM. (А [у | 
4 the magnificat == х 
ап gnification E^ e @).. 
Dividing (1) by (3), 
Би Іші 
1 La IN +1 


al ed 
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ФЕ [а | 


Б = 4 
=——1, or = ... (4). 
БІРІ ЛІ ТІЛЕ 
Combining (4) and (2), 
= ІСІ 
КЕ ue: 


Hence, if / and L are read on the scales, and и is measured by a 
*ape, r can be calculated. 


Procedure. (i) Arrange the convex mirror over a suitable stand 
and make its priacipal axis horizontal. Place the stand over а table. 
Also arrange a half metre scale horizontally in front of the mirror 
by clamping the scale to a stand. The upper edge of the scale should 
be slightly below the pole ofthe mirror. The scale should in fact 
be in contact with the surface of the mirror with its graduated face 
pointing away from the mirror. 


(ii) Now take another table and place it about 2 to 3 metres away 
from the first table. Arrange the metre scale horizontally by clamp- 
ing it to a stand. The graduated face of the scale should face the 
mirror and its upper edge should be slightly above the axis of the 
mirror. Arrange two paper flaps in this scale separated from each 
other by 50 cm to mark two points 4 and B. 

(iii) Place the telescope over the second table with its objective 
above or below the metre scale as may be found convenient to see 
images of the flaps formed in the mirror and also the graduations 
of the half metre scale near the mirror. As the images of the flaps 
and the half metre scale are not at the same place, both of these 
cannot be in focus simultaneously when seen by the telescope. Hence 
adjust the telescope such that both of these are equally out of focus, 
As both images of the flaps and the graduations of the half metre 
scale are out of focus, there will be parallax between them. Hence 
the readings of the positions of images of the flaps (readings of the 
Positions a and b) should be taken keeping the eye fixed at one 
Position. This means that the Positions a and b should be read and 

, Tecorded at a time, and not one by one by removing eye after taking 
: the reading of one position and then fixing the eye to another position. 
The reading of a and b gives /. As the flaps on the metre scale are 
separated by 50 cm, the value of L=50 cm. The distance between 


mirror should be measured by a tape. 
This will give u. 
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(iv) Adopting the procedure as described above, readings of ab 
i.e., 1, should be taken by making L=60 cm and 70 cm also, keep- 
ing the value of u fixed. The different values of / corresponding 
to the values of 50 cm, 60 cm and 70 cm of L should be tabulated, 
and then the value of r should be calculated from every set of data. 


(v) The experiment should be repeated for at least three values 
of u, and the mean value of r determined. 


Observations and Results 


----------------------------------------------------. 


Apparent size of the | 


à р А 1 

No, of | Object; Length image, /in cm r= 24 ni Mean | Mean 
obser- | dis- of the 4 | 1- гіп fin 
vation tance и | object, L Reading cm cm 


| іп ст | шем  |Reading of the | Diffe- | in cm 
ofone| other | rence 
end | end 


бі) 40 | 2400 |2655 | 255 | +318 
1 |-217:9| (ii) 50 | 23-70 | 26:90 | 320 | +320 
(iii) 60 | 23:40 | 2710 | 370 | +306 


(i) 40 | 24-70 | 2710 | 240 | 4332 
2 |-2337| (i) 50 |2450 |2745 | 295 | 4312 |431'33| +15:66 
(ii).60 | 24:20 | 27:70 | 3:50. |. +30°8 


G) 40 | 2695 | 2470 | 225 | 4309 
3 |—24&4| (4) 50 |2490 |2720 | 275 | +308 
(iii) 60 | 24-10 | 2740 | 3:30 | 4307 


——————— 


тїп m=0-3133, and fin m=0'1566. 


Precaution, As the formula used holds properly for large values 
of u, it is advised that the distance between the mirror and the metre 


scale with flaps should be large in comparison with the radius of cure 
vature of the mirror. 


Note. (1) The radius of curvature of concave mirror can also be 
found by Kohlrausch's method. 


(ii) Kohlrausch's method can also be used to find the radii of 
curvature of small objects having small radii of curvature. The 
experiment in that case will have to be performed in a dark room 


T. В. P.-18 
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f 
where two small sources of light should be used. Measurement о 
1 тау have to be taken with a travelling microscope. 


EXPERIMENT 2. To determine the magnifying power of a convex lens 
(Simple Microscope). 


les), a 
. Two half metre scales (preferably paper sca 5), 
Erin: fixed to a 45? inclined wooden or cork base with a 
small circular unsilvered aperture at its centre, a ring clamped to 
stand, an electric lamp, and the convex lens. | 
Theory. The ratio of the angle subtended at the eye by the image 
formed D a convex lens to the angle subtended at the eye by the 


D=v 
Least distance of distinct vision 


(Fig. 4.2) 


object when supposed to be situated at the least distance of dis. 
tinct vision, provided the eye is placed close to the lens, gives the 
magnifying power of the lens. 

Referring to the figure given above, the magnifying power of the 
lens ; 


- Angle subtended by ab at the eye 
Angle subtend 


ed at the eye by АВ when supposed to be placed at 
the same distance D as ab 


= Angle subtended by 


ab at the eye 
Angle subtended by a'b' (— AB) at the cye 
_ ab[D ab 


Ж. жасара Ф| 
ар аһ” 3% 


АВ Jul 
Where и and y are the object a 


nd image distance respectively. If 
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f be the focal length of the lens 


1 Татр «болий ПЗ (| УА] 
at -1 a 
Ее STA AE e Fale len Wl 
еее 
uei prp T 


-. Magnifying power of the lens — 144. 


In the experimental determination of the magnifying power of 
the lens arrangements have to be made to transfer the object also 
to th2 position of the image formed by the lens with the help of the 
plane mirror. It is only then that the size of the image can be com- 


pared with the size of the object to obtain the magnifying power of 
the lens. 


Least distance 
of distinct vision, 


(Fig. 4.3) 


Procedure. (i) Place the scale S, horizontally on a table and arrange 
the lens Z also horizontally above S, over a ring clamped to a stand. 

(ii) Place on the lens the 45° inclined mirror P (or glass plate) fixed 
on a wooden or cork stand over the lens with its middle point over 
the centre of the lens. 

(iii) Arrange the other scale S; vertically on one side of the lens 
at a distance of about 25 cm from the axis of the lens with its face 
towards the mirror. 

(іу) Now switch on the electric lamp to illuminate 5; and 5, and 
adjust the position of the lens by moving it up and down to see well 
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defined magnified graduations of the scale 5, when the eye is placed 
close to the plate P to look at the image of S,. Also try to see simul- 
taneously the image of scale 5, formed by the mirror (or glass plate) 
at P. If necessary adjust the position of S, on the table so that the 
image of S, and that of S, are seen side by side. Finally adjust the 
position of Г until there is no parallax between the magnified image 
of S, produced by tke lens and the image of S, in the mirror at P. 

(v) Images of S, and S, are now formed at the least distance 
of distinct vision. Note the number of divisions n' of the vertical scale 


S, that are seen to coincide with the number of divisions n of the 
magnified divisons of the scale 5). 


Calculate the magnifying power of the lens by dividing n' by n. 


(vi) By taking different values of п repeat the observation at least 
three times, and find the mean magnifying power of the lens. Also 
calculate the theoretical value of the magnifying power from the re- 
lation given in the theory and find the percentage difference between 


the theoretical and the experimental values. 
Observations 


м 


No. of | No, of S, scale 


observa- | magnified divi- | No. of S, scale Magnifying Mean Magni- 
tion sions=n divisions=n’ power-z'[n fying power 
1 
2 
B 


cue UD ВВ A шр „Б ЕН 
Calculations and Results. 


Theoretical value of magnifying 


power 
D 25 
=14 52144. 
yon tace 


(The value of ffi thi 
m eles ffor this purpose may be determined by single 
Experimental value of ma; 


gnifying power — a 
Percentage difference = 
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Note. (i) Due to spherical aberration there may be some diff- 
culty in avoiding parallax between the reflected image of S, and the 
magnified image of S,. To avoid this trouble it is suggested that 
peripheral portion of the lens which causes spherical aberration should 
be covered by a piece of black paper leaving only the central portion 
of the lens to be used for image formation. 

(ii) A close examination of the theory of the experiment shows 
that the experimental observation should be made by keeping the eye 
quite close to the lens. 

(iii) The image formed by the lens is virtual and magnified and it 
is positioned between the focal point and the optical centre of the 
lens. 

EXPZRIMENT 3. To determine the magnifying power of a microscope. 

Apparatus. Two half metre scales (preferably paper scales), а 45° 
inclined small plane mirror with a circular unsilvered small aper- 
ture at its centre mounted on a wooden or cork base, lamp, a metre 
scale, and the microscope. 

Description. MICROSCOPE : See the section “Some Common Ins- 
truments” in the General Physics chapter. * 

Theory. An object AB placed a little away from the focal point 
of the objective of the microscope has its magnified, real and inverted 
image ab formed by it inside the tube of the microscope at such a place 
between the eye-piece of the microscope and the focal point of the eye- 
piece that the eye-piece forms the final image a’b’ of the object at the 
least distance of distinct vision of an eye placed close to the eye-piece. 


ib' 


A i 
L2 


! 
h- " О 
Objective ) А Eye piece 
a 
кр 
Least distance of 
distinct vision. 
(Fig. 4.4) 


The magnifying power of the microscope will be, according to the 
definition given in expt. 2, 
a'b’ / AB аъ аъ аһ 
D D АВ ав” AB 
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But 22 = Гар d-Lp 


› where /= tube length of the microscope. 
AB х6 Lys 


Let f, and f; be the focal lengths of I, and Г, respectively. We 
have then the relation 


tad se LIUM ie T 
“ар -Г5 +f,’ I-Lp Ls f, 


or 1 = 1-L.p—f, 
Ls f(—L;p) 


for the objective, for the eye-piece, 


1 1 zd = ЛР =a constant=k. 
ЕО 
ab _1-Гар (I—L;p)(l-I,p—f,) 
Hence AB Lys Ji — Esp) 
DTE EE 
Л 
Further, as has been shown in expt. No. 3, 
a'b' D 
dm 1+ i 
The magnifying power of the microscope 
Ҳа) 
=(14+— (ЕЛ 
( ONE 
(+2) (1-К-Х)_ 1 (ЕЛА) 
= = ot D)— TA 7271 27) Е 
Tih ел 


Бога Microscope f, and k which is equal to 7, 


ар are very smal? 
compared to /, and f, 


is small compared to D, so that the above 


expression of magnifying power reduces to D : 
1/2 

It is clear that the magnifying power 
linearly as its tube length increases, 

Procedure, (i) Place the scale Sı 
of the microscope, and adjust the posi 
vertical support to see the image of the scale distinctly through it. 

| (ii) Place on the еуе-ріесе of the Microscope the 45° inclined’ 

mirror (or glass Plate) fixed 


i on a wooden stand or cork with its 
middle part on the centre of the eye-piece аз in Expt. 2 


of microscope increases: 


horizontally on the platform 
tion of the microscope on its- 
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(iii) Arrange the other scale 8; vertically on one side of the 
microscope at a distance of about 25 cm from the microscope 
tube with its face towards the microscope as in Expt. 2. 

(iv) Now switch on the electric lamp to illuminate S; and S, and 
bring your one eye very close to the 45° inclined mirror placed over 
the eye-piece to see the magnified image of the divisions of the scale 
S, and the reflected image of the scale Sẹ simultaneously. If necessary 
adjust the position of the scale S, to see the image of S, and 5» side 
by side. Finally adjust the microscope by moving it up or down until 
there is no parallax between the image of S; and S;. 


(у) Note the number of divisions n’ of the vertical scale S, that 
are seen to coincide with the number of divisions n of the magnified 
divisions of the scale S;. 

Calculate the magnifying power of the Microscope by dividing 
n' by n. 

(vi) By taking different values of п, repeat the observations at 
least three times, and find the mean mangnifying power of the Micro- 
scope. Measure the length of the microscope tube (distance between 
the objective and the eye-piece). 

(vii) By a similar process as described above measure the Magni- 
fying power of the Microscope at its different tube lengths (at least 
ten) and plot a graph with tube length as x-axis and Magnifying 
power as y-axis. 


Observations 
No. of No. ofS, | No.of Ss | Magnifying |Mean Magni-|Tube le 
қ scale divi- | scale divi- poh d = be length 
observation Monten sions=n' power=n ifo fying power іп cm 
1 (i) 0:05 2:96 592 
Gi) 0:08 4-76 59-5 593 14-7 
(iii) 0-10 5:96 593 
2 (i) 0:04 2:48 62:0 
(11) 0:06 3:37 62:1 6211 15:2 
(iii) 0:10 6:22 62:2 
10 


280 А TEXT BOOK OF PRACTICAL PHYSICS 


Graph, Draw a graph with tube length as x-axis and magnifying 
power as y-axis. This will be a straight line. 


L 
3 
& 
is 
= 
$ 
о Tube length іп ст. 
— 
(Fig, 4.5) 


Note. The graduation mark on the scale S, will be very much 
magnified by the microscope. It is, therefore, advised to count the 
number of divisions of S; between the edges only of the graduation 
marks of the image of Sj. 


ASSOCIATED EXPERIMENTS 


1. To set up a microscope and to determine its magnifying power. 


Hints. Three rings should be clamped to a stand one above the 
other. A millimetre scale should be placed over the platform of the 


E Eye stand. A lens of short focal length 


(about 3 cm) should be placed on 
« Ds 
і 


the lower ring and its position should 


Н be adjusted until a real, inverted and 
T p magnified image of the scale gradua- 
Cardboard t tions is seen by the. eye situated 

with cross-wire 1 

| above the lens. Now а card-board 
Балу 


should be taken. A hole should be 
Punched in it and a pair of fine 
threads should be fixed over the hole 


1 
1 
| 
H 
[7 7) MET Scale With wax to make a cross. This card- 


board 
(Fig. 6) 


i middle rin its positi j 
until there is no parallax Бен i АЕ cea d 
Cross-wire. Now a lens of 1а: 


О a A CE 
7 = 
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distinct image of the scale and the cross-wire is seen. The microscope 
is thus set up. Its magnifying power may be measured by the process 
as decribed in expt. No. 2. 


EXPERIMENT 4. To determine the magnifying power of a telescope 
focussed for infinity (Angular Magnification of a 
telescope). 


Apparatus. А slit made in a circular plate capable of being fitted 
to the tube of the telescope, a plumb line, cathetometer microscope, 
and the telescope. 


Description, (i) TELESCOPE. 

See the section, “Зоше Common Instruments" in General Physics 
‘Chapter. 

(ii) CATHETOMETER MICROSCOPE. 

See the section, “Some Common Instruments’ in General Physics 
Chapter. 

Theory. When a telescope is focussed for infinity (i.e. to see a 
distant object), its objective forms the real and inverted image of the 
object at its focal plane. As the focal planes of the objective and the 
eye-piece under this type of focussing are coincident the eye-piece 
forms the final image of the object at infinity. 


Eyepiece (focal lengihf) 


Objective(focallengihy,) 


(Fig 4.7) 
The magnifying power ofa telescope is defined as 


_ angle subtended at the eye by i image at infinity 
angle subtended at the eye by object at infinity ` 


From the above figure itis, therefore, clear that 


м ab ab _ab JA ja 
a Lall La Ta ab Uu 
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The magnifying power of the telescope is also called the angular 
L magnification of the instrument. 

2 с If the objective of the teles- 

- cope is removed, and a slit CD is 

d 


Q 


Ас. inserted in its place, the eye-piece 
L, forms the image cd of the slit. 
The distance of the slit from Le 
will be |и|=Л-Л (length of 


(Fig. 4.8) the telescope) and if the image 
distance = v, then 


oco 


1 1 1 ШІ 22131 
= - Ог с=с 
FIAI +b Т] Б wena 
or Missam Jii a a 
9 fa fs 2 2 
and since ша Ср? 
у сӣ 
-. Magnifying power of the telescope focussed for infinity 
-A -CD 
Vise 


Procedure. (i) Pick up a distant object like an electric pole and direct 
the telescope towards it. Do not focus the telescope to see the object. 
Look through the eye-piece of the telescope with one eye to see the 
cross-wire, and simultaneously look at the distant object with another 
eye directly. Adjust the eye-piece so that there is no parallax between 
the cross-wire seen by one eye and the distant object seen by the other 
22 и The image of the cross-wire is thus formed at 
chi Y See (іе. at infinity). Now focus the telescope to see 
Ds is it, and adjust it to avoid parallax between the image 

object and the cross-wire as seen through the eye-piece, After 


is a cu the ме of the distant object is formed on the object 
1$ type of adjustment j j 
on lj nt is called the normal adjustment of 


ает unscrew the objective of the telescope out of its tube and 
oy ate b Түрге E to make it vertical. Arrange a catheto- 
ope behind the eye-piece of the teles ith i i 
at ie 3 3 cope, with its axis 
Pap EN 8 of the telescope. Keeping your ae near the eye- 
athetometer focus it to see the ima: 
Е ge of the slit formed 
by the eye-piece of the telescope taking care to avoid parallax between 


127 
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the image and the vertically arranged eye-piece scale of the catheto- 
meter. Measure the length of the image in terms of the cathetometer 
eye-piece divisions. Let this be p. Repeat this measurement at LET 
three times and find mean p. 


(11) Now turn the telescope to bring the slit in front of the catheto- 
meter, and focus the slit. Looking through the cathetometer bring one 
of the horizontal edges of the slit as seen through the cathetometer 
Over a particular graduation mark of the eye-piece scale of the 
cathetometer, and take the reading of this position on the vertical 
scale at the neck of the cathetometer. Move up the microscope to 
bring the other horizontal edge of the slit over the same gradua- 
tion of the eye-piece scale, and take the reading of this position also- 
on the vertical scale. Take the difference between the two readings. 
This will give P. Repeat this measurement at least three times and 
find mean P. 


(iv) To calibrate the cathetometer eye-piece scale, the instrument 
is first of all levelled with the help of its levelling screws and the spirit 
level placed at its top. A plumb line is then focussed by it and its eye- 
piece scale is arranged vertically by adjusting it along the image of 
the plumb line. A pin is arranged vertically over a stand and focussed 
by the microscope. The tip of the pin is brought on a division. 
mark of the eye-piece scale. The reading of this position is taken 
on the vertical scale at the neck of the instrument. The microscope is 
then moved up counting the number of divisions of the eye-piece 
scale passing through the tip of the image of the pin. Let N divisions 
pass through and then take the reading of this new position on the 
same vertical scale. Find the difference between the two vertical scale 
readings, and divide it by N to find the value of each division of the 
microscope eye-piece scale. Let this ben. Repeat this determination 
at least three times and find mean n. 


(v) Now calculate the length of the i image of the slit formed by 


the eye-piece. This will be cd=np. Finally calculate the value of 
the magnifying power of the telescope. 
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Observations 


(i) Determination of p. 


No. of Length of the image in terms Mean p 
observation of the eye-piece scale=p 
1 57:5 57:0 
2 57:0 
В 56:5 


No. of Vertical scale Vertical scale 
observa- |reading for upper| reading ofthe Length of the Mean CD 
tion end of the slit lower end of slit=CD 
the slit 
1 3776 ст 1:82 ст 1:92 ст 
2 
3 


(ii) Calibration of Cathetometer eye-piece scale. 


Vertical scale 


Vertical scale 


Differences 


—_ —— 


No of |readingforan| reading after | between two Value of 
-observa- eye-piece N divisions of | vertical scale N each 
tion scale mark | eye-piecescale| readings division (п) 
have moved 
SSS 

1 3:73 cm 3:93 cm 0:20 cm 50 0:004 cm 
2 
3 


Mean value of n—.... 


Calculations and Results. 
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E СП GD д 
+, Magnifying power = == = —— =....(experimental value). 
К gnifying р pop (exp ) 
Theoretical value of magnifying power —fi/fi— ........ 
Percentage difference between the two values=....... c 


Note. (i) It is advisable to perform this experiment out-doors- 
in a well lighted space. The experiment may also be performed in 
a room by illuminating the slit with the light from a milky electric 
bulb. 


(ii) The axis of the telescope and the cathetometer must be 
brought nearly in one line and the cathetometer microscope should be 
moved backwards from the eye-piece of the telescope to see the- 
image of the slit. 


ASSOCIATED EXPERIMENTS 


1. To set up a telescope and to determine its magnifying power. 


Hints. Take two lenses : one of focal length about 5 cm to be 
used as the eye of the telescope, and the other of focal length about 
30 cm to be used as the objective. Arrange these two lenses on two. 
vertical stands, and adjust their centres to have equal height. Now 
take а card-board and punch a hole init. Across the hole arrange 
two fine wires to form cross-wire. Mount this arrangement over 
another stand making height of the cross-wires also equal to the 
centres of the lenses. Now put the cross-wire near the lens of short. 
focal length only and adjust the position of the lens such that there 
is no parallax between the image of the cross-wires as scen through 
thelens by one eye and a distant object like an electric pole seen 
simultaneously by the other eye directly. After this adjustment bring 
the lens of large focal length in front of the cross-wire, and adjust its. 
position until there is no parallax between the cross-wire and the 
image of the distant object seen by the eye placed behind the lens of 
short focal length (eye-piece). After this adjustment a telescope is 
set up with a normal adjustment. The magnifying power of this 
telescope may be determined by the method described in Expt. 4, and 
this may be checked up by dividing the value of focal length of the 
objective by the value of focal leagth of the eye-piece. Use the same 
tables for observation as for the expt. 4. 
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EXPERIMENT 5. To determine the magnifying power of a telescope 
focussed for different distances (Transverse magnifica- 
tion produced by the telescope). 


Apparatus. A large scale (about two metres long with its divisions 
painted alternately black and white), a tape, and the telescope. 

Theory. Let the telescope be adjusted to see an object placed 
at a finite distance in such a way that the image is found on the object 
itself. In such a condition, 

Magnifying power, M, of the telescope 


_ Angle subtended by the image at the eye _ ZaEb — ablEc_ _ аЬ 
Angle subtended by the object at the eye LAEB АВЈЕс АВ 


—transverse magnification produced by the telescope. 


Eye piece 


(Fig. 4.9) 


Procedure. (i) Arrange the large scale vertically and place the 
telescope near it over а stool. See the image of the scale through 
the telescope with your left eye and the scale with your right eye. 
Adjust the telescope so that there is no parallax between the image 
of the scale and the scale when they are simultaneously seen as 
advised above. The image of the scale is now formed at the same 
place where the scale is placed. Now count the number и’ of the 
scale divisions seen directly by one eye that correspond to number n of 
the image of the scale seen by the other eye. 

(i) Repeat the above observation for three different values of m 
say 2, 3, 4, and calculate M from these observations separately, As 
then find the mean value of M. Also note the distance D between 
the telescope and the scale with the help of the tape. 

(iii) Measure the magnifying power M of the telescope by placing 
the telescope at different distances from the scale until it is found 
that the magnifying power becomes independent of the distance 
of the telescope from the source. 
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Observations 


Distance of No. of object 
No. of |е telescope |No. of image| divisions и’ Magnifyin g 
observa- from the divisions z coincident power 
tions object, D with z 
in cm 
1 213 (i) 16 (1) 80) Mean magni- 
(ii) 24 (ii) 8:0 5 fying power 
(iii) 32 (ii) 80 ) M=s-00 
LU Е 
2 141 G) 14:5 (1) 7:25 Mean magni- 
i (ii) 220 (ii) 7:33 ] fying power, 
Н (iii) 29:5 | (іі) 738 ) М=7:32 
10 


Graph. Plot a graph with distance D on x-axis, and magnifying 
power M on y-axis. 


Conclusions. Draw your own con- 
clusions from the graph regarding the 
variation of M of the telescope 
with D. 

Note. The eyes must be properly M 
exercised to see the object and its 
image each with one eye simultaneously. 


Once the eyes are set for this purpose, 


D — 
the experiment would not present only (Fig. 4.10) 
difficulty. 


> 


EXPERIMENT 6. To align (adjust) a prism 5р 


ectroscope ог Spectrometer 
to obtain a pure spectrum. 


Apparatus. Bunsen burner a 
sodium vapour lamp, 
spectrometer, 


nd solution of common salt or 
electric lamp, prism, spirit level, and the 


It is an instrument Widely used to 
light and to make measurements on 
е main parts of a Spectrometer are 
table and (c) the telescope. 

(a) Collimator. It consists of a tube of metal having an adjustable 
slit at one end and an achromatic Convex lens at its other end, The 
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length of the collimator tube can be adjusted by moving the slit by a 
rack and pinion arrangement to obtain a parallel beam of light em- 
erging out of the lens when a source of light is placed in front of the 


(Fig, 4.11) 


slit. The collimator may also be made horizontal by a pair of screws 
which moves it in a vertical plane. The instrument maker adjusts 
the axis of the collimator to pass through the centre of the prism 
table of the spectrometer. 


(b) Prism table. It is the central part of the spectrometer which is 
circular in shape provided with three levelling screws to make its 
plane horizontal. The table is capable of being rotated about vertical 
axis through its centre; the rotation of the table can be read over a 
circular scale. The provision of a clamp and a tangent screw 
facilitates the fine movement of the table. As the prism is placed over 
it to perform experiments, it is called the prism table. 


(c) Telescope. The telescope of a spectrometer is a small astro- 
nomical telescope having an achromatic convex lens as its objective. It 
uses a Ramsden’s eye-piece. A rack and pinion arrangement helps 
to focus the instrument, It can be rotated in a horizontal plane 
about the vertical axis of the prism table, and the rotation can be read 
over the circular scale about the prism table. Fine movement of the . 
telescope is obtained by the use of a clamp and a tangent screw. The 
rotation of the telescope in vertical plane is obtained by a pair of 
screws. The instrument maker adjusts the axis of the telescope to pass 
through the centre of the prism table in whatever position it is placed 
about the vertical axis through the centre of the prism table. 
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The spectrometer rests on a table on three legs. Most of the 
spectrometers have levelling screws attached to the legs to level the 
telescope. 

Adjustments. The adjustments required in a spectrometer to 
observe a fine spectrum and make measurements are the following : 

(a) Levelling the telescope and the collimator. 

This amounts to making the axis of the telescope and the colli- 
mator horizontal and the axis of rotation of the prism table vertical. 
The following operations are needed to achieve this objective : 

(i) Rotate the telescope and make it parallel to the two levelling 
screws of the legs of the spectrometer on the telescope side of the 
spectrometer, Place a spirit level on the telescope tube and adjust the 
two screws one by one of the legs to bring the bubble of the spirit 
level at the centre. А 

(ii) Now rotate the telescope by 180° from this position, and partly 
adjust the screws of the legs and partly the screws supporting the 
telescope to bring the bubble of the siprit level at the centre. 

The operations (i) and (ii) are to be repeated several times until 
it is found that the bubble remains at the centre in both positions. 

(iii) The telescope should now be rotated by 90° to make its axis 
perpendicular to the line joining the screws of the legs. The screw of 
the third leg may now be adjusted to bring the bubble of the spirit 
level at the centre. The operations (i) and (ii) should be checked again 
and if the levelling is disturbed it may be corrected again, and the 
operation (iii) checked again. 

After these operations the axis of the telescope will be horizontal. 

(iv) Now place the spirit level over the tube of the collimator 
and adjust the screws supporting this part of the instrument to bring 
the bubble of the spirit level at the centre. This makes the axis 
of the collimator horizontal. 

Note. If there are no levelling screws attached to legs of the 
spectrometer, triangular wedges of iron may be used for the levelling 
purposes, 


(b) Adjustment of the collimator and telescope for parallel rays. 


SCHUSTER’S METHOD 


Procedure, АП spectrometer experiments are performed in the 
dark and hence it is advisable and convenient to make all adjustments 
in the dark room itself. It is by Schuster’s method that the colli- 
mator and the telescope are adjusted for parallel rays in a dark room. 


Т. В. Р.-19 


290 А TEXT BOOK OF PRACTICAL PHYSICS 


This method involves the following operations : 


(i) The slit of the collimator is made narrow and illuminated by 
sodium light obtained from a sodium vapour lamp or by placing over 
a Bunsen burner flame an asbestos ring soaked with common salt 
solution. The prism table is then levelled by a spirit level and the 
prism is placed over it with the centre of its base.at the centre of the 
prism table. The refracted image of the slit is seen by the naked eye 
by moving the eye towards the face of the prism through which the 
Tays are expected to emerge. The telescope is then rotated and 

brought near the eye to receive the image. The prism table is rotated 
and image is followed by the telescope until the position of minimum 
deviation is reached. 

(ii) After this the prism table is rotated to suc 
the angle of incidence of the light on the prism is much larger 
than the angle of incidence corresponding to the minimum deviation 
position. Thisis called the “slanting position” of the prism. The 
image is then received by the telescope in its position. The telescope 
receiving the image in this position is focussed to have a sharp image. 

(iii) The prism is then rotated to such a position where the angle 
of incidence is much smaller than the angle of incidence correspond- 
ing to the minimum deviation position. This is called the ‘normal 
position’ of the prism. The image of the slit seen through the teles- 

cope in this position will be wider than the previous case. In this 
position, the image should be made sharp by focussing the collimator. 
The operations (ii) and (iii) are to be repeated Several times one 
after another until the image appears sharp in both slanting and 
normal positions of the prism, The collimator and the telescope 
then becomes focussed for parallel rays. 


h a position where 


Principle. In the 
incident — deviation 
curve (fig. 4.13) B, 
and В’, indicate the 
“p ‘normal positions’ of 

the prism. Іп the 
p' normal position, the 

incidence ray baving 

a smaller angle of 

incidence suffers a 

greater deviation. 


(Fig. 4.12) 


— AER --- 
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‘Hence the two emergent rays CD and C'D' corresponding to the 


incident rays AB and A'B' are 
more divergent than the inci- 
dent rays, and the image A’ of 
the point 4 is nearer the prism 
than the object (fig. 4.12). 


The points B, and В, 
indicate the two ‘slanting posi- 
tions’ of the prism on the i—8 
curve. In the slanting posi- 
tion, the incident ray having Anglè of incidence i 
a large angle of incidence 
suffers a greater deviation. (Fig. 4.13) 

Hence the two emergent rays CD and C'D' corresponding to the 
incident rays AB and А’В’ are less divergent than the incident rays, 


and the image 4” of the point А is more distant from the prism than 
the object. 


Deviation 5 


Suppose now that the prism is placed in the slanting position and 
the telescope is focussed to receive a sharp image, and then it is placed 
in the normal position. By focussing the collimator in this position 
the object A is made to move away from its original position in a direc- 
tion away from the prism because the telescope has been focussed 
10 receive rays in the slanting position when the image has been more 
distant from the prism than the object. Thus by repeating the pro- 
cess of focussingthe telescopein the slanting position and the collimator 
in the normal position, the object А is gradually thrown more and 


шоге away from the prism. This amounts to gradually adjusting 
the collimator and the telescope towar 


ds the condition appropriate 
to parallel rays. 


(c) Optical levelling of the prism. 


The optical levelling of the 


Prism necessitates the following 
operations : 


(i) The telescope is set 
intersection of the Cross- 
slit seen through it. The te 


to receive the direct rays by bringing the 
Wire of the telescope over the image of the 
lescope is then rotated by 90°. 


(ii) The prism is then placed over the prism table with its re- 
cti 


fracting edge over the centre of the table, and a Polished face of the 
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prism perpendicular to the line joining ` 
two levelling screws (4 and B) of the 
prism table. Ifone of the three levell- 
ing screws attached to the prism table 
be not capable of adjustment, then the 
face should be placed perpendicular 
to the line joining this screw and an 
adjustable screw. қ 
(ii) Now the prism table should 
(Fig. 4.14) be rotated allowing the refracting edge 
Pto be on the axis of the collimator 
to receive the light reflected by the face PQ. If the image of the slit 
received by the telescope is not in the middle of the field of view of the 
telescope, the two levelling screws A and B should be adjusted one 
after another until the centre of the image as seen through the teles- 
cope coincides with the intersection of the cross-wires. 

(iv) The prism table should now be rotated to enable the telescope 
to receive the image of the slit formed by reflection from the face PR, 
The third levelling screw C should now be adjusted to bring the centre 
of the image at the intersection of the cross-wires. After this adjust- 
ment the prism is optically levelled over the prism table. The refrac- 
ting faces of the prism are now parallel to the axis of rotation of the 
prism table. 

It is advised that operation (iii) should be repeated again after 
operation (iv) to ensure that the image remains in the centre of the 
field of view after operation (iv) has been made. 

After this adjustment the spectrometer is ready for experimental ` 
observations. 


Note. (i) The following points should be carefully noted for 
successful adjustment of the spectrometer. / 

(а) The position and the height of the source of the light placed be- 
fore the slit of the spectrometer should be properly adjusted to throw 
sufficient light over the slit. If necessary a converging lens may be 

- used to concentrate the light over the slit, 

(b) The slit of the spectrometer should be made as narrow as may 
be possible from the point of view of getting a visible fine image of 
the slit. 

(c) Black cloth may be used to cut off all extra light coming from 
unwanted directions. 


= 
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(d) A bulb of low wattage should be used to read the circular scale 
of the spectrometer. 


(е) Reading on the circular scale should be taken by both verniers 1 
attached 180° apart. 

(ii) A costly spectrometer has a pair of verniers, attached to both 
the prism table and the telescope, that move. as the prism table or 
the telescope is rotated, the main scale remaining fixed. This type 
of spectrometer is very convenient for all types of spectrometric mea- 
surements. However, relatively cheaper spectrometers, having a pair 
of verniers attached to the prism table only and the, main scale 
attached to the telescope, are provided to students up to Degree level 
in a large number of laboratories. АП spectrometric experiments will, 
therefore, be described in this book with reference to this type of 
Spectrometer only. 


EXPERIMENT 7A. To mensure the angle of a prism using a spectrometer. 
First Method : 


Apparatus. Prism, spectrometer, sodium vapour lamp or sodium 
flame of Bunsen burner, spirit level, and electric lamp. 

Theory. The prism POR 
is set in a position where the ray 
reflected by the face РО of the 
prism is making an angle of 90? 
with the incident ray. It is З х 
evident from the figure that, if 180-А 
A be the angle of the prism at 
the refracting edge P, the face 
PR will have to be rotated by 
180° — А to bring it to the same 
position as the previous position 
of PQ in order that the reflec- 
ted ray again makes an angle of 
90? with the incident ray. R 

Procedure. (i) Adjust the (Fig. 4.15) 
spectrometer ‘following the procedure of adjustments described in 
Expt. 6. 


(ii) Without keeping the prism on the prism table, view the image 
of the slit through the telescope and bring the image on the intersec- 
tion of the cross-wires of the telescope. Read the position of the 
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telescope with the help of the vernier scale attached to it, and then 
rotate it by 90°. Clamp the telescope in this position. 


(iii) Now place the prism with the centre of its base over the centre 


of the prism table and its refracting edge, say P, on the axis of the 
collimator. 


(iv) Now rotate the prism table until the reflected image formed 
by the face, say РО, comes at the intersection of the cross-wires seen 
through the telescope. Tangent screw should be used for slow motion 
of the prism table. Мое this position of the prism table on both 
verniers attached to the table. 

(у) Now rotate the prism table again until the reflected image for- 
med by the adjacent face, say PR, comes at the intersection of the 
cross-wires seen through the telescope left undisturbed in its previous 
position. Мое this position of the prism table on the verniers 
attached to the table. 

(vi) Find the difference between the two positions of the prism 
tables for the readings of the two verniers separately, and find the 
mean of these two. This mean when subtracted from 180° will give 
the angle of the prism, A. 


(vii) Repeat the measurement of А at least three times and find 
the mean value of A. 


Observations 
L. C. of the angular vernier— 
Value of І small main scale division—- ....— 1s 
n vernier divisions (z — 1) main scale divisions. 


. Е n— . Ww a 
1 vernier division = n-i main scale divisions. 
n 


Hence least count=1 main scale division — 1 vernier division 


spelle П е 15. 
п п 


Position of Position of Mea 
Prism table Prism table Difference of all 
No. of | for Ist image | for 2nd image observa- 
obser- ——— 2... tions=a 
vations 
1s 2nd Ist 2nd Ist 2nd Mean 
vernier ,vernier |Vernier |Vernier | vernier | vernier 
1 
2 
3 
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Result, Angle of the Prism=180°—p=...... 

Note. In case of difficulty in getting the image inside the telescope 
the refracting edge of the prism facing the collimator may be shifted 
a little away towards the centre of the prism table. This will help in 
getting the tmage inside the telescope. 


EXPERIMENT 7B. To determine the angle of a prism using a spectrometer. 


Second Method : 


Apparatus. Prism, spectrometer, 
sodium vapour lamp or sodium 
flame of Bunsen burner, spirit level, 
and electric lamp. 


Source 
Ж 


| je 


Theory. A beam of parallel rays 
incident оп the two adjacent 


! 
| 


тр 
= i 


= 


(A) (B) 
(Fig. 4.16) 


faces of a prism, say PQ and PR, will have reflected beams of parallel 
rays from the two faces of the prism. The angle between the two 
reflected beams thus obtained is equal to twice the angle between the 
two faces of the prism. 

Procedure. (i) Adjust the spectrometer following the procedure 
of adjustments described in Expt. 6. 

(ii) Place the prism on the prism table with its angle P which 
is desired to be measured on the centre of the prism table, and 
arrange it to point towards the collimator, the refracting edge being 
on the axis of the collimator. Clamp the prism table. 

(iii) Rotate the telescope towards one face, say PQ, of the prism 
to receive the reflected image of the slit. When the image falls over 
the intersection of the cross-wires, clamp the telescope and note its 
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position on the scale attached to the telescope with respect to the two 
verniers attached to the prism table. 

(iv) Now rotate the telescope towards the other face, say PR of the 
prism, and receive the reflected image of the slit through the telescope. 
Adjust the telescope to bring the image of the intersection pf the cross- 
wires on the image of the slit. Clamp the telescopein this position 
and read the positions of the telescope on the scale attached to it with 
respect to the two verniers attached to the prism table. 

(v) Find the difference between the vernier readings in the two 
positions of the telescope to obtain the value of twice the angle of the 
prism. 

(vi) Repeat the above observations at least three times, and find 
the mean value of the angle of the prism. 


Observations 
Value of 1 small division of the main scale=.... 
Least count— ...... 
a 1st position of 2nd position of Difference 
Б Telescope Telescope res 
* а value of 
oÈ | 2А 
99 1st 2nd Ist 2nd Ist | 2nd 
Z'8 | vernier | vernier | vernier | vernier | vernier | vernier 


1 175918” | 355910” | 295915” | 115915” | 119957” | 12095” 
2 17620” 355950” | 295950”! 11690” 119950” | 12050’ [11925975 


3 177920” | 357910” | 297920” | 117915’ | 12050’ 12095” 


Result. Mean value of the angle of the prism— 59° 598. 

Notes. (i) It is advised that the image of the slit should be located 
first by the naked eye and then the telescope should be brought near 
the eye to see the image through it. 

(ii) For fine adjustment of the position of the telescope, tangent 
Screws should be used after clamping the telescope. 


ASSOCIATED EXPERIMENT 


1. To show that for a given incident ray if the reflecting surface is 


outed by 6, the reflected ray is rotated through 20, using a spectro- 
meter. : 


Hint. The experimental arrangements are exactly the same as 
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those in Expt. No. 7 B. However, here a plane mirror should 
be placed over the prism table with the plane reflecting surface over 


the centre of the prism table. 
The incident beam is the 
beam coming along the 
axis of the  collimator. 
Starting with a small angle 
of incidence over the re- 
flecting surface, receive 
the reflected image at the 
intersection of the cross- 
wires as seen through the 
telescope. Мое the  po- 
sition of the prism table by 
the two  verniers attached 
toit. Now rotate the prism 
table by a known angle 
Ө, say 10°. Note the posi- Telescope • 
tions of the verniers attached (Fig. 4.17) 

to the prism table. Rotate the telescope to receive the reflected image 
again on the intersection of the cross-wires. This will move the main 
scale attached to the telescope. Note this position of the telescope by 
reading the position of the verniers attached to it. The difference 
between the readings of the verniers before and after the rotation. of 
the telescope will give the angle through which the reflected beam has 
been rotated. Take at least six observations for five different values 
of ө. Tabulate your observation: in a table of the type given below : 


м—жФЖЩнььЪ + ч”Уя"ниоо —— —-.—-———— 


Collimator 


Plane 
mirror 


Prism 
table 


. Position of the Rotation of the 
No. of |Rotation-of the telescope re ected ray in degrees (о) Ratio 
obser- | reflecting sus- of o 
vations face (0) in and ө 
degrees Ist 2nd 154 2nd | Mean 


Vernier | vernier vernier vernier 


10° о 
20°. (2)—(1)... 


wre 


Plot a graph with 0 on x-axis, and 0 on y-axis. This should give а 
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straight line of slope 2, to prov. that if the reflecting surface is rotated 
by 6, the reflected ray is rotated by 26. 


EXPERIMENT 8. To determine the angle of minimum deviation for a 
prism, and hence to determine its refractive index. 


Apparatus. Prism, spectrometer, sodium vapour lamp or sodium 
flame of Bunsen burner, spirit level, and electric bulb. 


Theory. Keeping the direction of the incident ray fixed, the angle 
of incident of the ray over a face of the prism may be varied by rotating 
the prism about an axis passing through the centre of its base. As 
the angle of incidence gradually increases from its lowest val ue, 
the angle of deviation would decrease from its highest value so that 
the emergent ray moves in a direction away from the face of the prism. 


(Fig. 4.18) 


After the deviation of the emergent ray becomes minimum, the 
angle of deviation would start increasing if the angle of incidence is 
further increased by rotaing the prism in the same sense. The emer- 
gent ray, therefore, start moving in the opposite sense. Thus the po- 
sition from where the emergent ray just starts moving in opposite 
direction, is the position of minimum deviation of the prism. 


The direction of the incident ray remaining fixed, the prism may 
be rotated to shift the emergent ray on the other side of the incident 
rays as shown in the figure given above. In this condition also the 
prism may be put into the position of minimum deviation. The ancle 
between the emergent rays in the two mi а 
thus obtained by rotating the prism ise 
minimum deviation for the prism. 


nimum deviation positions 
qual to twice the angle of 
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Further if D,=angle of minimum deviation, 
A=angle of the prism, 
the refractive index и of the material of the prism will be given by 
AtDm 
2 
sin 4/2” 


‘sin 


Procedure. (i) Adjust the spectrometer following the procedure 
of adjustments described in Expt. 6, and first obtain the angle of the 
prism by the method described in Expt. 7A ог 7В. 

(ii) Place the prism with the centre of its base over the centre of 
the prism table. Let one face of the prism receive the incident beam 
and try to see with naked eye the refracted image of the slit from the 
other face of the prism. Now rotate the prism from that position 
when the angle of incidence for the incident rays is quite small pursu- 
ing the image as it moves. After the prism comes to the position of 
minimum deviation, the image would start moving in opposite direc- 
tion. Bring the telescope to receive the image and by clamping the 
prism table use the tangent screw attached to it to rotate the prism 
table to put the prism in the position of minimum deviation. Now 
bring the intersection of the cross-wires of the telescope over the image 
of the slit seen through it. Clamp the telescope and read its position 
by the two verniers attached to the prism table. 

(iii) Now detach the vernier from the prism table and then clamp 
it so that it does not move with the prism table, Rotate the prism 
table to throw the emergent beam to the other side of the incident 
beam, and set it to the position of minimum deviation by the method 
described above. Move the telescope to bring the intersection of the 
cross-wires over the image of the slit, and read its position by the 
two verniers. 

(iv) Find the difference between the vernier readings in the two 
positions of the telescope. This will give the value of twice the angle 
of minimum deviation. From this find the value of the angle of 
minimum deviation. Repeat the determination at least three times 


and find their mean. 
Observations 


Value of 1 small main scale division .....- 


Least count=.....- 
(Ато be determined as explained in Expt. 7B.) 
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Determination of Dm— 


| 

2 Ist position of 2nd position of А 
«s Telescope Telescope | Differences Mean 
© Е 2Dm 
os Ist. | wond Ist 2nd | 218: 2nd 
Zo vernier | vernier vernier vernier | vernier vernier 

1 15°47’ | 183950' | 94945’ 262540! | 78958" 78950' | 78°57’ 

2 15952! 183940” | 94°44’ 262940” | 78952! 79200” 

3 | 15944” | 


18352407 | 94246” 262240” | 79202” 79500” 
———————— | оо 
Results. Mean value of Р, = 39?28'5. 
Value of the angle of the prism=4=60°. 


sinAtDm : 
ft 2 sin 49944:25: _ 0:7631 —1:526 
sin 4/2 sin 30? 0:5000 n 


Note. The value of и of the prism depends upon the wave-length 
of the light used, and the value obtained by this experiment will be 
for the sodium yellow light, having mean 


wave - length 
—5893 x 10-3 cm — 5893 x 10-10 m or 5893 А2. 


EXPERIMENT 9. To determine the refractive index of a liquid using 
а hollow prism. ў 


Apparatus. Hollow prism, spectrometer, sodium vapour lamp or 
sodium flame of Bunsen burner, spirit level, and electric bulb, 


Theory. As in Expt. 8. 


Procedure. (i) The angle A of the hollow prism is first of all 
measured by the method described in Expt. 7B. (ii) The prism is 
then filled with the experimental liquid, and the angle of minimum 
deviation Dm of the prism is then determined by the method des- 
Cribed in Expt. 8. The temperature of the liquid is noted by a 


thermometer, and then the refractive index of the liquid should be 
calculated by the relation 


sin-4 Ds 
2 


DISCO e 


" 


` The angle ZSQR=0, the angle 
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Observations 


As in Expt. 7B and 8. 
Result. Calculation as in Expts. 7B and 8. 


EXPERIMENT 10. To obtain the ;—6 curve of a prism with the help 
of a spectrometer, and to determine the angle of 
minimum deviation from the curve. 


Apparatus. Same as for Expt. No. 8. 


Theory. The ray PQ incident on the face AC of a prism emerges 
as the ray TM through the face AB 
of the prism after refraction through 
the prism. The angle between the 
direct ray and emergent ray is 
ZSOM=6, which is called angle 
of deviation of the incident ray. If 
QN be the normal at the point of in- 
cidence, the angle of incidence cor- 
responding to the angle of deviation 
of ŝis ZPQN —i. The reflected ray 
corresponding to the incident ray 
PQis QR. Hence the 2PQR=2i 


between the direct ray and the reflec- 
ted ray can be measured by spectro- 
meter, and from this we will get, 
i=} (1800— /SQR). The angle (Big. 4.19) 

5=5ОМ can also be measured by the spectrometer by observing 
the direct beam and the emergent beam. By rotating the prism 
ican be changed. The angles i, and corresponding angles à can be 
measured, and 7—6 plotted from which the angle of minimum 
deviation Dm may be determined. Further, if the angle А of the 
prism is known, the refractive index u of the material of the prism 
can be calculated from the relation, 


44р 
sin 2 
NE TET 
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Procedure. (i) Adjust the spectrometer following the procedure 
of adjustments described in Expt. 6. 


(ii) Without placing the prism on the prism table, obtain the direct 


image of the slit in the telescope. Clamp the telescope and move 
the tangent screw to bring the intersection of the cross-wires on the 
image. Read the positions of the verniers attached to the prism 


table. These provide readings for the direct beam position, 


(iii) Rotate the telescope by 60° from its direct position, and clamp 
it there. Now place the prism on the prism table with the centre 
of its base over the centre of the prism table, its refracting edge A 
being on the axis of the collimator. Detach the verniers from the prism 
table and clamp it. Bring the reflected image of the slit, formed by 
reflection from the face AC of the prism, on the intersection of the 
crossewires as seen through the telescope by rotating the prism table. 
Now the angle between the direct beam along PS and the 
reflected beam along OR is set to 60°. This corresponds to the angle 


of incidence, i= 1(180? — 60°) = 60°. The prism should be clamped 
in this position. 


(iv) Now unclamp the telescope and rotate it to receive the image 
of theslit as seen along the emergent beam (TM). The telescope 
should be clamped in this position and by adjusting the tangent screw, 
the intersection of the cross-wires should be brought over the image 
of the slit. The position of the telescope may now be read with res- 
pect to the verniers, These provide the readings for the emergent beam 
position. The difference between these and the corresponding readings 


of the verniers for the direct beam position will give the angle of 
deviation. 


(v) The prism table may be graduall 


A TA s y rotated to change the angle 
of incidence in steps o 


and for every angle of incide 
of deviation may be determined by the method descr 


of incidence should not be made less than 30°. 


nce, the angle 
ibed above, Angle 


e ] 
о | 
m 0To8h |,vIo86| ,90c8b | ,00cOP | ,00c00T | ,00c00I | ,tOc8P | ,905801| ,0Sc6SE | ,00c081| ,0Sc6bC | ,00c08 | L 
/00c£ | ,0006% | ,00оЕФ | ;O0cbb | {00076 | ‚00с©6 | ;00ct€ | ‚ЕбоЕТТ | ,O00czb£ | ,502091| ,000052| ,£0c0L | 9 
(Colb |,9Iolb|,PColP | 10008 | ,00008 | ,00cb8 | ;8Tc9 | „РЕс90т | ,zocoze | ,0Tc6bl | ,0066%0 | 0159 | S 
` 6Colb |/81019 | „ОЕТ | ,00cCS | ,00c9L | 00094 | ,8IoIŅE | ,PEcO9T | ,00:9I | #0961 | ,00с006 | ,FOcOZI | b 
1000bh | ,56оЕр| ,COobb| 0009S | ,00c89 | ,00c89 | ,SSoSZE} ,STobPI | ,00о8УЕ | /015891| ,00c09Z | ,OIcOOI | Е 
Е 
© „002 |,0 сі? | ,90oLp | /00с09 | ,00509 | ,00c09 | Тоо | „Тост | ,SIcOZE | ,Soort | „50092 | ,5с08 |Z 
ы 
(01005 | „Соб | ,96с06| 00699 | ,00655 | „00-с | ,00с60 | ,9EoSZE| ‚8/0 | ,81401| /8с6<2 | „8Тобр |1 
| 21 " 
g=uray | П I П I I I п 1 II I 2 
эл | "Шәл лэтазэд | JOUIOA | JOIUJOA | JNUIOA | JOIUIOA | JOIUIOA | IOIUIOA IUA |: 
. о 
Бі) ш Жн = ши а e 
= Ff 
Я 5 
(©) pue (1) | (г) pue (1) (£) штод 1098 (с) шкод pay (Г) uivoq e 
999/\1э4 әдә а u22A2q әәә -19W19 JO uonisoq -o3[jo1 JO UONIsog 322ир Jo поцивод E 
| o 


54011741254) 


304 А TEXT BOOK OF PRACTICAL PHYSICS 


Graph. With i on x-axis and 6 on y-axis draw a graph. The graph 
will be of parabolic nature. Draw a straight line parallel to the 
x-axis from the minimum position of the grapb. The point where 
this line cuts the y-axis gives the value of Dm, the angle of minimum 
deviation. 


(Fig. 4.20) 


] 
? Calculations and Results. 
/ 
Dg from the graph=......, Angle о Берите c2 visio ze 


ЕТУ VPE 


EXPERIMENT 11. To calibrate a prism spectrometer using Hg lines 


Apparatus. Prism, spectrometer, sodium flame i 
... . Э о 

vapour lamp, spirit level, electric bulb, mercury асо Mee 

and high voltage source for running the discharge tube. E 


Theory. The wavelength ofthe sodium yellow line i id 
way between the extreme wavelengths of the visible vagus 
if a prism is set in the position of minimum deviation for Saa 
light, it is nearly so for other wavelengths of the visible radiation 
Hence, for a prism set in the position of minimum deviation for 
sodium light deviations of light of various wavelength produced by 
the prism can be measured and wavelength, 4 and diviation, 5 graph 
will be the calibration curve of the prism spectrometer. 


Procedure. (i) Adjust the spectrometer following the procedure 
of adjustments described in Expts 6 and 8. 


(ii) Rotate the prism table so that the sodium light falls on one 
of the polished faces of the prism and see the image of the collimater 
slit through the other face. Rotate the table further until the image 
starts moving in opposite direction. Receive the image in the teles- 
cope. Clamp the prism table and work on the tangent screw attached 
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to the prism table to bring the prism to the position of minimum 
deviation. Bring the intersection of the cross-wires of the telescope 
over the image of the slit. Clamp the telescope and read its position 
by the two verniers attached to the prism table. These readings 
represent the position of the deviated sodium light of mean wave- 
length 5893 A°. 

(iii) Replace the sodium light by mercury discharge light and 
keeping the position of the prism unchanged determine the position 
of the deviated light for every spectral line observed following the 


procedure as.adopted for sodium light. Also note the colours of 
the spectral lines. 


(iv) Remove the prism from the prism table and unclampin 
the telescope rotate it to receive the direct light from the slit of the 
callimator. Bring the intersection of the cross-wire of the telescope 
over the image of the slit. Clamp the telescope and read its position 
by the two verniers attached io the prism table. These readings 
represent the position of the direct light. 

(У) From the difference between the positions of the deviated and 

' direct light determine $ for lights corresponding to each spectral 
line. 


(vi) Use a standard spectral wavelength table for wavelengths 
of Hg lines, and plot %—é graph. 


Observations 


Value of 1 small main scale division=......20' 


Least count=...... ы 


Deviation 8 :— 


————————————————— 


| Position of the | Position of the |. 
$ х Difference 
i i direct ligh 
No. Colour of | Wave- чушш А Меап 
f |е Spec- | length dev. 
2% x e Ps 5 5 Б 5 5 3 (8) 
Obs.| tral line (A) E Ен Ен Еш Em Ен 
> > > > > > 
1 | Sodium | 5893 Ао | 143943'|323243'|191940'|371942". 472957” 
Yellow 5896 АО z 
2 |Hg Orange} 6192 А9 
3 |, Yellow | 5780 Ао |143930'|323940' 48°10’) 48527485206” 
4 |, Green | 5461 Ао |143915|323013” 48925" 48029' 48027" 
» GB 4960 Ао |142927'|322229' 49213719213 |49213” 
5 |,, Blue 4358 A? |141920'|321922" 50520'|50220'|50220/^ 
6 |, Violet | 4023 Ао | 140230/|320230" 51912'|51912'|51912* 


eS 
Т. В. Р. PHY -20 
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Results. The X—68 graph isa curve showing decreasing 8 with 
increasing 2. This is the calibration curve of the spectrometer which 


may be used to determine the wavelengths of thc spectral lines of 
other sources. 


Note. (i) Unless the spectro-meter has a high resolution, tbe two 
sodium yellow lines and Hg orange and yellow doublets will not be 
resolved. In such a situation only one sodium yellow line, and five 
Hg lines will be visible. It is also likely that due io poor intensity, 
Hg and orange line due to less sensitiveness to vision, Hg violet linc 
may not be visible to eye. Hence only three or four Hg lines may 
be observed under ordinary conditions, and then the following mean 
wavelength for Hg lines may be used : 

Огапве->6192 A°, ҮсПоуу->5780 A°, Green--5461 A^, 
Blue—4358 Ао. Even orange line has not sufficient intensity. 

(ii) A two feet mercury tube light may be used for the experiment 
if discharge tube is not available. 

(iii) Time permitting, deviation (8) may also be measured by 
observing the beam deviated on the other side of the direct light and 
a second 4—6 graph plotted. 


EXPERIMENT. 12. To determine Cauchy's constants and the dispersion 
of the material of a prism. 


Apparatus. As in Expt. 8, and a Helium discharge tube, a 
Rumkorff's induction coil with a storage cell or a high voltage trans- 
former to run the Helium discharge tube. 

Theory. АП transparent substances absorb light selectively at 
certain wavelengths giving absorption bands in the spectrum. 
Between the consecutive absorption bands, but very far away from 
them, the refractive index of the substance varies with wavelength as 


perthe Cauchy's equation ВА in a limited region of the 


spectrum. The dispersion of light in which и decreases with А as 
per the above equation, is termed as normal dispersion and A and 
B are the constants in the equation, called Cauchy’s constants. 


VE SA is referred to as the dispersion of the medium. 


To determine the Cauchy's constant, one has to measure p of the 
material by forming a prism. The measurement has to be done with 
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lights of different 2. The в is plotted against E giving а straight 


Jine, the slope of which gives B, the second Cauchy's constant. To get 
the first Cauchy's constant A, it will be convenient to make use of 


the various values ог Бу calculation using the above value of B 
and different values of 2. Bring the corresponding values of п, a set of 


values for 4 should be calculated from the relation а= B, 


from which the mean value of A be found out. 


Dispérsion ке -2 is calculated for different values of à using 
the value of В obtained. It is also determined from the slop of р^ 
dispersion curve for different values of 2. 

Procedure. (i) Adjust the spectrometer following the procedure 
of adjustments as described in Expt. 6. 

(ii) Determine the angle of the prism following the procedure as 

* described in the Expt. 7 B. 

(iii) Determine the angle of minimum deviation (Dm) by the 
prism using sodium light (.—5893 A? = 5893 х 10-10 m) following the 
procedure as described in Expt. 8. 

(iv) Replace the sodium light by He discharge tube and connect 
áts terminals to the output terminals of an induction coil or a high 
voltage transformer. 

(v) Run the discharge tube by switching on the input of the 
induction coil or by connecting the input of the high voltage 
transformer to the 220 V main. 

(vi) Adjust the position of the He-tube for obtaining maximum 
intensity of the spectral lines а$ seen through the telescope of the 
spectrometer. 

(vii) Determine the angle of minimum deviation by the prism for 
every spectral line following the same procedure as for the sodium 
line. 

(viii) Calculate the и of the material of the prism for the sodium 
and Не spectral lines using the measured respective values of Dm and 
the angle of the prism with the half of the expression 
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1 
3. pH x data 
—————————— 
No. of Obs. ainm | 1/42x 107? и 
1 5893 x 10-79 2879 1:526 
2 6678 x 10710 2245-41. sens 
8 


p 


Results. Draw »—2 x 103? graph. Also draw p — Lx 10-19 graph 


will be a straight line of negative slope. Determine the slop of this 
st. line to obtain the second Cauchy’s constant B. Use this value of 


B : ИИ 2В а 
B to calculate 7, and the dispersion, 7 — — <іҙ- Also calculate ЕЗ 


for different à from »—2%x107° graph by measuring slopes at 
different à x 10-19, 


Calculation of & and 2 S 


----------------------- 
| I sali 
| B Dispersion) di 
No, of| хе | Ахлю [Ameis Mean әр | dU 
4 | (00M [u—Ax10-0 
| graph 


| 


Draw a graph of dispersion а against Ах 10-19, This will show 


a decrease in dispersion with increase of wavelength. 
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Value of the first cauchy's constant, A=. 


$5 second ,, 42 ›В=..... 


EXPERIMENT 13. To determine the number of lines per cm. of a plane 
diffraction grating and to use it to determine the 
wavelengths of the various components of the given. 
light. 


Apparatus. А spectrometer, à plane diffraction grating, a prism, 
spirit level, sodium flame of Bunsen burner, a helium tube, а Rum- 
korff’s Induction coil or high voltage transformer, with a Storage cell. 

Description : PLANB DIFFRACTION GRATING. In principle, a plane 
diffraction grating is a plate in which a large number of slits of equal 
width separated by opaque spaces of equal width are made, In 
practice, it consists of a plate of glass on which is pasted a piece of 
thin transparent cellophane paper ruled with a large number of 
equidistant lines of equal width. The lines are so close that they 
are not distinguishable by naked eye. The grating can be mounted 
on a stand called the grating stand and erected over the prism table 
of a spectrometer, 


Theory. A plane diffraction grating arranged vertically over the 
prism table with its face normal to the beam of light of wavelength ^ 
emerging from the collimator, will cause the diffraction of the beam 
and a number of primary maxima of different orders will be formed 
at the focal plane of the telescope. If 0 be the angle of diffraction 
of the beam for the nth order primary maximum, and N be the 
number of lines per cm. of the grating, then 

sin Ө= Nm., 


Hence if the source of light emits light of known wavelength, N 
can be known by determining the value of 9 for a particular order 
of principal maximum. 


After N has been determined, а source giving light of unknown 
wavelength may be taken, and after determining the value of 0 for 2 
principal maximum of a particular order for the light, the wavelength 
of the light may be calculated. 


Procedure. (i) Adjust the spectrometer following the method of 
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adjustments as described in Expt. no 6, using the sodium flame 
or sodium vapour lamp as the source. 


(ii) Now receive the direct beam from the collimator by the teles- 
cope and bring the intersection of the cross-wires as seen through the 


* 


telescope at the image oftheslit. Read the position of the telescope 
on the scale attached to it with respect to the verniers of the prism 
table. Detach the verniers from the. prism table and clamp them. 
Move the telescope by 90? from this position. Now mount the grating 
on the grating stand and fix the stand over the prism table with the 
help of screws inside the holes provided on the prism table. The 
line joining these holes is parallel to two of the levelling screws of 
the prism table. Care should be taken to ensure that the central 
line of the grating is nearly midway between the fixing screws of the 
stand. Now rotate the prism table to let the beam of light from the 
collimator fall over the ruled surface. Receive the reflected image 
of the slit by naked eye and rotate the prism table to bring the image 
inside the telescope. If the centre of the image is not at the centre 
of the field of view, adjust the third screw of the prism table which 
is on the line perpendicular to the grating. The face of the grating 
then becomes normal. 


(iii) Do not disturb the telescope. 1f necessary rotate the prism 
table to bring the reflected image exactly at the intersection of the 
crosswires. Note this position of the prism table by taking the 


vernier readings. Now unclamp the vernier and attach them to the 
prism table. 


In this position the face of the grating makes an angle of 45° with 
the axis of the telescope. Now rotate the prism table by 135° from 
this position in the direction which moves the ruled surface of the 
grating away from the collimator and put it towards the telescope. 
Clamp the prism table in this position. This makes the surface of 
the grating normal to the incident beam. 


(iv) Now unclamp the telescope and move it to receive the 
first order principal maximum, i.e., the first of the diffracted images 
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of the slit. One of the two levelling 
screws that fall on the line parallel 
the grating surface should be 
Collimat er adjusted a little to make the centre 
of the image coincide with the 
intersection of the cross-wires. As 
the first order principal maximum 


is also present on the other side of 

the direct beam, this adjustment is 

also to be repeated for the image on 
Graling 


the other side of the direct beam. 
After a few adjustments on the two 
sides the direct beam, the lines of 


Telescope the grating become parallel to the 
slit (which is vertical). All ad- 
(Fig. 4.21) justments are now complete and 


measurements may be made. 

(v) Unless the source of light (sodium flame) is intense, make 
measurements with first order diffracted image only, for which z— 1. 
Rotate the telescope to receive the first order diffracted image on the 
right hand side of the direct beam position. Clamp the telescope 
and move the tangent screw to bring the intersection of the cross- 
wires over the image. Note the position of the telescope on the 
scale attached to it by reading the verniers attached to the prism 
table. 

(vi) Now unclamp the telescope and rotate it to receive the first 
order diffracted image of the left hand side of the direct beam 
position. Clamp the telescope and move the tangent screw to bring 
the intersection of the cross-wires over the image. Read this second 
position of the telescope. The difference between the first position 
and the second position ӨГ the telescope is equal to twice the angle 
of diffraction for the first order maximum. 

(vii) After knowing the value of 0 for the sodium light, calculate 
the value of М, taking the value of X of sodium light to be 5893 x 10-8 
cm. 

(viii) Now erect the Helium tube vertically with the help of a 
wooden clamp and the central part of the tube in front of the slit of 

the spectrometer. Connect the terminals of the tube to the secondary 
of the Induction Coil or the output terminals of a high voltage 
Source. Start the discharge of electricity through the Helium tube. 
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Light will be emitted due to the discharge of electricity through 
the gas. 

(ix) Looking through the telescope a spectrum will be seen which 
will be quite intense in the first order. This will consist of lines of 
different colours. The angle of diffraction, @ for each of the lines 
should be separately determined by exactly the same method as has 
been described for the sodium line. 

(x) After knowing 0 for every line of helium light, the value of 
^ for each line in the order n= 1 should be calculated. 


Observations and Results 


Value of one small main scale division=...., LC=.... 
Determination of N. 


2. for sodium light 5893 x 10-8 cm. 


п=1 
2 


№. 1st position of Second position of 20 
of Telescope Telescope 
obs. e. 

Ist 2nd Ist 2nd Ist 2nd 


Vernier | Vernier | Vernier | Vernier | Vernier Vernier | Mean 


1 10°15’ | 190222” 50°00’ | 230207” 39945” 39245” 39245” 
2 10°14’ | 190520” 49555” | 230203” 39241! 39943" 39242, 
3 | 10°16’ | 1905237 | 50201’ | 230208” | 32°45’ | 39945” 39945! 


Mean Value of ө = 19952” and sin 0—0:3398 


Ne me = 5766/cm. 


Determination of ù of Helium light 
n=1 


Colour| 1st position of | 2nd position of 


of th Telescope Telescope 720 i 
e Moan Sin 0 ^in 


| 
Ist | 204° | Ist | 2nd | ist | 2nd 
;| Vern. | Vern. | Vern. | Vern | Vern. | Vern. 


Red 18906' | 199213'| 67921’ | 247230'| 48215” | 48217” | 24°08’ | 04088 

93 20243! |200250'| 66551” | 216532”) 45938” | 45948” | 22253! 0:3880 jos) 
Yellow, 23241” | 203°48’| 63917” | 243924'| 39236” | 39236” | 19248' | 03387 | 5872 
Green | 26210” |206518'| 60928" |240240'| 34218” | 34922” | 17910' | 02951 | 5116 
ate 28918” | 208225” 58925’ |238934'| 30209” | 30°09’ | 15504” | 0:2599 | 4471 - 
violet 


a P ———————— 
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Notes. (i) The use of a lens before the collimator slit is advised 
in order to focus the light over the slit and increase the intensity of 
image seen by the telescope. 

(ii) If the source is intense, the second order spectrum will be also 
visible through the telescope. In that case angles of diffraction 
for the lines in this order should also be determined and the values 
of à calculated by using these values of the angles of diffraction. The 
accuracy in determination of X in the second order will be better than 
that in the first order as the angles to be measured are larger so that 
they can be measured more accurately. 


ASSOCIATED EXPERIMENT 


1. To measure the wavelength difference between the sodium D; 
and D, lines. 


Hints. Use a high power sodium vapour lamp to get the 2nd 
order grating spectrum. As in this case 
п= 2, ==}, (sin0, —sin 1). 


ExPERIMENT 14. To determine the wavelength of sodium light by 
Newton's rings. ч 


Apparatus. А convex lens, two plates of plane glass, а travelling 
microscope, a sodium flame, a wooden clamp with stand, and a thin 
convex lens of Jarge focal length. 


Theory. When a film of air of circular symmetry made by placing 
a thin convex lens of large focal length over a plate of plane glass is 
illuminated by a monochromatic light, interference of light reflected 
from the upper and the lower surfaces of the film takes place resulting 
in an interference pattern consisting of concentric bright and dark 
rings. These rings are called Newton’s rings. 

If R be the radius of curvature of the lower surface of the lens, 
then dp, the diameter of the nth bright ring is given by 

2 2RQn--1)., where » is the wavelength of the light. 


Let the diameter of the (n-- s)th bright ring be diis, so that 
Фу? — di? - ARS. 


x dna+? — dy? 


~ ARS C 


8 
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Hence, if R is measured by а spherometer and dnys and dn 
are measured with the help of a travelling microscope, ^ can be 
calculated. 

Procedure. (i) Make the platform of the microscope horizontal 
with the help of a spirit level. 

(ii) Place a plane glass plate ог slab on the platform of the 
microscope and the lens over the glass plate. Arrange the other glass 
plate into the clamp and bring it above the lens. Rotate the clamp 
to adjust the inclination of the plate to about 45? with respect to the 
plate placed below the lens. 

(iii) Place a convex lens in front of the inclined plate, and arrange 
a sodium flame at nearly the focal plane of the lens. Ifthe rays of 
light coming out of the lens are incident at an angle of 45° on the 


lg Microscope 


25° 


-т 
' 
' 


(кїп. 4.22) 


inclined glass plate, the reflected beam will fall vertically over the 
glass plate placed below the lens. 

(iv) Adjust the vertical height of the flame to be the same as that 
of the central part of the inclined plate. Make the axis of the micro- 
scope vertical and direct its objective towards the central part of the 
inclined plate. Now adjust the height of the microscope to see a system 
of bright and dark rings. In the event of difficulty in getting the rings, 
remove the lens from the plate and place a small piece of paper over 
the plate. Now move the microscope up or down, as may be nece- 
ssary, to get a sharp image of the piece of paper. Now place the 
lens over the plate. A slight adjustment of the height of the mi- 
croscope will bring the rings in the field of view. A slight adjustment 
of the inclination of the inclined plate may also be necessary to get 
the rings in the field of view. 


(у) Now move slightly the plate placed over the platform of the 
microscope to bring the centre of the ring system over the intersection 
of the cross-wires as seen through the microscope. Rotate the eye- 
piece of the microscope to make one of the cross-wires perpendicular 
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to the direction of horizontal motion of the microscope. Now move 
the microscope horizontally with the help of the screw attached 
to it to bring the cross-wires at the midpoint of the visible outer- 
most bright ring. Next move the microscope in opposite direction 
and bring the cross-wire over the midpoint of that outer ring (say 
20th ring) which is quite distinct. Note the position of the vernier 
on the horizontal scale. Moving the microscope in the same direc- 
tion go on noting the position of the vernier as the cross-wire is 
placed at the midpoints of all the rings until the 5th or 4th ring from 
the centre is reached. Now move the microscope to the other side 
of the centre of the ring system. Moving the microscope in the same 
direction go on noting the positions of the vernier as the cross-wire 
is placed at the midpoints of the same rings as were observed on 
the other side of the centre until the outer-most ring (say 20th ring) is 
reached. The difference between the vernier readings on the two sides 
of a particular ring gives the diameter of the ring. 


(vi) Record your observations in a table as shown below. 


(vii) Determine the value of R of the lower surface of the lens by 
using a spherometer as discussed under some common experiments 
in the beginning of tbis book. 


Observations 


One small division of the horizontal main scale = SOM 
Least count=...... 


С Readings of the Vernier | Diameter 
© 
m. — | of the ring 
mo =4 2 2 2 
BT | Leftside | Right side Cm. 2% erga 
м Cm. Cm. 

5 4160 4473 0313 |. 0:0979 

6 4:152 4482 0:330 0-10895 

7 4:143 4:491 0:348 0:12108 

8 

9 
20 


Е Е Е Е ЕЕВС 
Mean of (i) to (viii) 4,2 


Аа 
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Determination of R. For table and calculation see the General 
Physics section, for the determination of the radii of curvature of 


curved surfaces by a spherometer. 2 


2 > 2 
Calculations and Results. n= бан oe мүл 


Plot a graph with @?п against m. This will be a straight line. 


Note. (i) In this experiment the choice of the radius of cur- 
vature of the lens used for making film of variable thickness is quite 
important. It is clear from the theory of the experiment that for the 
radii of the rings to be large the radii of curvature of the lens should 
belarge. Hence it is advisable to use a lens of radii of curvature 
equal to 100 cm. in the experiment. 

(ii) The thickness of the fringes at the centre of the fringes system is 
quite large. Hence the intersection point of the cross-wires cannot 
be accurately put at the midpoint of the width of these rings. Hence 
it is advisable to leave out first three to four rings during the 
observation. 


ASSOCIATED EXPERIMENTS 


1. Determination of the refractive index of a liquid by forming 


` Newton's rings. 


Hints. А few drops of liquid are placed over a plate of glass and a 
thin layer of liquid is made by putting a thin lens of large focal 
length. Making use of this layer Newton's rings are formed in the 
same way as Newton’s rings are formed by making use of a film of air. 
The radii of the rings are determined in the same way as described 
in the main experiment, and then the mean value of d’*,,,—d’, is 
determined. Ifsodium light is used, then taking the value of à to be 
5893 x 10-3 cm, the refractive index of the liquid is determined from 
the relation 
22485 
d.d. 

If the wavelength of the light used is not known, then the experi- 
ment should be repeated with a film of air and the value of 
ау —d*, should be determined. Then using the expression 

= Чи: — Orn 
d'nr d?a 
the refractive index of the liquid should be calculated. 
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2. Comparison of the radii of curvature of the surface of a convex 
lens by forming Newton’s rings. 


Hint, First all Newton’s rings are formed by using one of the two 
surfaces to form an air film and then d?44, — d?a is determined. After 
that rings are formed by using the second surface to form another 
air film and then 4%, — d'?; is determined. И В, and А, be the radii 
of curvature of the surfaces, then 


R E. Pris y dus 
Rs dy 54s P а" 


Hence А can be calculated after determining d'54,,—d', and 
ааз — Pn 


ExemRIMENT 15. To determine the wavelength of sodium light by a 
Bi-prism. 


Apparatus. Bi-prism, optical bench with slit, Bi-prism, 
Micrometer eye-piece and their stands, sodium-vapour lamp, conver- 
ging lens, a 100W electric bulb, index rod. 


Description of Special Apparatus— () OPTICAL BENCH AND 
ITS ACCESSORIES. The optical bench has two horizontal rails 
(Fig. 4.23), one of these having a linear scale. The rails are 
accurately equidistant. These rails carry three uprights, the first 
carring an adjustible slit, the second carrying a mount for a bi-prism 
and the third carrying а micrometer eyepiece. There uprights Жозе 
smoothly over the rails with their verniers at their base moving over 
the main scale on а rail. · The height of the slit (S) can be adjusted 
and it can be rotated by a tangent screw (Ту) to make it vertical 
It can also be rotated about a vertical axis, and shifted side ways. 

A Bi-prism can be placed in the mount carried by the second 
upright. Тһе mount and hence Bi-prism can be rotated about a 

. vertical axis. The Bi-prism can also be rotated about a horizontal 
axis which is parallel to rails of the optical bench, by a tangent 
screw (Tz). The height of the Bi-prism can also be adjusted. The Bi- 
prism can also be shifted perpendicularly to the bench by a screw 
drive attached at the base of the upright. 


The third upright carries at its top a Ramsden eye-piece with а, 


cross-wire. Из height can be adjusted and it can be rotated about a 
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vertical axis. A micrometer screw is provided with the eye-piece for 
accurate measurement of its movement perpendicular to the bench. 


АА 
к===== 


Е ое аи 


(Fig. 4.23) 


An extra upright is also provided to arrange a converging lens 
between the eye-piece and the Bi-prism. The height of the lens over 


tbe upright can be adjusted and the lens can be rotated about a 
vertical axis. 


(ii) BI-PRISM—It contains two accute angled prisms joined 
base to base, the accute angle being about 22 to 1°. 
Theory. The wavelength of light used in formation of fringes by 


a Bi-Prism is given by ^= Ax. 5 where Ax-separation between 


two consecutive fringes (fringe-width) of order п and n+1, D= 
distance between the eye-piece and the slit, and d— distance between 
the two virtual sources (4 and B) as in fig. given below. 


NE SEA jax 
1 Central 
ds fringe 
1 
1 Fringes 
Xg N 

Е a--3R nn 9 1 

Е оса пс кү -=y 

(Fig. 4.24) 


dis obtained by focussing in the eye-piece the real images of the 
virtual coherent sources A and B with the help of a converging lens 
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(of focal length f) at its two positions L, and Le (provided D is made 
greater than 4f). If d, and d, are distances between the real images 
of A and B at positions Г, and Ly of the lens respectively, then 

а= у 4а. 

Procedure. (i) The upright with the slit should be shifted near 
one of the ends of the optical bench. The face of the slit should be 
rotated to make it nearly perpendicular to the rails of the bench. 
A plumb line should be arranged close to the slit and the tangent 
screw (Ту) be moved in proper direction to make the slit nearly 
parallel to the thread of the plumb line and hence to make it 
vertical. The upright should be moved side-way to bring the slit 
nearly mid-way between the rails of the bench. The width of the * 
slit should be made narrow. 


(ii) The Bi-prism should now be mounted on the second upright 
and this be pushed so that its base touches the base of the first up- 
right carrying the slit. The height of the Bi-prism should be 
adjusted so that the centre of the Bi-prism and that of the slit are at 
the same height. The plane face of the Bi-prism should face the 
slit and it should be rotated about the vertical axis to make it nearly 
perpendicular to the rails of the bench. The obtuse edge N of the 
Bi-prism should be made nearly parallel to the slit by rotating it with 
the help of the tangent screw (Тз). Also the upright should be moved 


side-ways to bring this obtuse edge nearly mid-way between the 
rails of the bench. 


(iii) The third upright should be pushed to bring it close to the 
second upright and the height of micrometer eye-piece over it should 
be adjusted so that the intersection of the cross-wire of the eye 
is nearly at the same height as the centre of the Bi-prism. The upright 
should then be moved side-ways to bring the axis of the ЙГЕ. 


and the centres of the Bi-prism and the slit in the same horizontal 
straight line. ‘ 


-piece 


(iv) Tbe cross-wire of the еуе-ріесе should now be distinctly 
focussed. The slit should now be illuminated b the light from 
the 100W bulb. Stray lights around the slit ma br БОЙ by 
using a suitable screw between the bulb and the in On seeing 
through the eye-piece some coloured fringes will be visible. These 
fringes should be made as distinct as possible by slow motion of the 
tangent screw with the Bi-prism attachment, The central fringe 
will be white. 
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(v) The central white fringe may not be formed over the inter- 
section of the cross-wires of the eye-piece due to what is called 
collimation error, when the upright carrying the eye-piece pushed 
sufficiently away from the Bi-prism. This is because the beam 
coming out of the Bi-prism is not symmetrically spread on the two 
sides of the centre of the rails of the bench. In this position the 
bi-prism is moved side-ways untill the central white fringe falls 
over the intersection of the cross-wires. After this the upright is 
pushed quite near the Bi-prism and the micrometer screw is rotated 

‚ to bring the intersection of the cross-wires over the central white 
fringe. The above two operations are successively repeated until it 
is found that the intersection of the cross-wires stays nearly over the 
central white fringe for both the positions of the eye-piece. Thus 
the collimation error is minimised. 


(vi) The bulb is now replaced by the sodium-vapour lamp. The 
eye-piece upright is pushed away for that distance D from the slit 
at which the intensity of the fringe is good but the fringe width is 
too narrow. 


(vii) Determine the pitch and Г. C. of the micrometer scale. 
Start from one side of the fringe system. Move the eye-piece by 
turning the micrometer screw from that side. Put the intersection 
of the cross-wires at the centre of a bright fringe and take the 
micrometer reading. Call this fringe as the №" fringe. Move 
micrometer screw to bring the intersection of the cross-wire over 
the (N--5)^, (N-+10),........(N +25) etc. fringes and go on 
noting the corresponding micrometer readings. 


(viii) То measure d, mount a converging lens of such a focal 
length (f) that D is quite larger than 4f, over the 4** upright and 
place it between the Bi-prism and the еуе-ріссе. Obtain sharply 
focussed images of the virtual sources in the eye-piece by adjusting 
the position of the lens at a suitable position (L4). Measure the 
separation between the images (d,) by moving the eye-piece side- 
way corresponding to one image position to another. Then shift the 
lens to the second suitable position (L.) from where it again forms 
sharply focussed images of the virtual sources in the eye-piece, , 
Measure the separation between these images (4) by moving the 
eye-piece side-way corresponding to one image position to another. 
Take three observations for both d, and 4, and calculate d from their 
mean values. 

T. В. P. PHY.-21 
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(ix) To measure D, read the positions of the slit upright and the 
eye-piece upright from the scales at their base. Let the different 
between the positions of the two be D’ cm. Now remove the Bi- 
prism and its upright, and place an index rod between the slit and 
the eye-piece horizontally. One end of the rod should be in contact 
with the slit while the other end should be focussed sharply by 
moving the eye-piece upright along the rails of the bench. The 
positions of the two uprights are then noted at their base scales. 
Let their difference be Р. The length of the index rod (р) is then 
measured, and the index correction, x is calculated from x= р-Р. 


Now D=D'+x. 
(x) Time permitting, the entire реге may be repeated for 
three values of D. 
Observations 


Pitch of the micrometer scale— 0:05 cm. 


0:05 
L. C.=—— = 
50 0:001 ст. 


Р=75:3 — 0:3= 75:0 cm. 
Measurement of the fringe-width Ax— 


(МЕК) 

Main J 

Scale dc^ ; Boi d 
Reading 

in cm 


“ 
E 
o 
< 
5 
S 
z 


LIGHT 


Measurement of d, and d,— 
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— —— ÀÁ— —— —"!r—————————————— 
A 1st image 2nd image 
х5 =e 
5 |3 | | Total Total 
ч | 2 |M.S.R. | CR|CRxLC in MSR | СЕ |СЕХІС| in 
2 1 сп cm 
i 
d, | 1 | 0400 | 2 0:022 0422 |0950 |26 | 0026 | 0:976 
2 0:400 22 0:022 0:422 0:950 | 26 0:026 0:976 
3 0:400 22 0:022 0:422 0:950 | 26 0:026 0:976 
d, | 1 | 0:950 1 7 | 0017 0967 |0900 | 6 | 0006 | 0906 
2 | 0950 |17 | 0017 -967 |0900 | 6 | 0006 |0906 
3 | 0950 |17 | 0917 0967 |0900 | 6 | 0-006 | 0906 
dı in cm d; in cm а= уа ха іп cm 
DESEAS 0:061) — 
0:5544 З oos] Z 0:1847 cm. 
0:554) © 0:061) © 
а  02282x0:1847 
Results. = = ut 
jum 75 


Standard value of A for sodium light = 5895 А. 


Notes. 


= 5895 x 10-8 cm — 5895 x 10-19 cm —5895 А. 


(i) To improve the intensity of illumination of the slit 


and hence the fringes, light may be concentrated over the slit by 
suitably placing a converging lens between the source and the slit. 


(ii) By increasing the distance between the slit and the Bi-prism, 
the fringe-widths Ax is decreased. This increase might become 
necessary so that the fringe-widths is not too wide and hence less 


intense. 


(iii) Regional collimation error may be removed after the sodium 
light fringes have been obtained again by side-ways movements of 
the Bi-prism upright and the eye-piece by observing the movement 
of a fringe which is nearly centrally situated. 


—_ 
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ASSOCIATED EXPERIMENT 


1. To determine the angle of the Bi-prism by forming interference 
fringes. 


Hints. Ifa be the acute angle of the Bi-prism. We have 


Sie AD 20 
4-?2а(һ- 10, and Ax а^ те 
Take ^ = 5893 х 10-11 for Na light used. Use ц= 1:54 for glass 
and the measured value of Ax to calculate o. 


EXPERIMENT 16. To determine the specific rotation of an optically 
active substance by a polarimeter. 


Apparatus. Half-shade polarimeter, sodium vapour lamp with a 
high voltage source, cane sugar, physical balance, measuring jar, 
and distilled water. - 

Description of Special Apparatus. HALF-SHADE POLARIMETER. 
The first tube (Т,) of the polarimeter has a slit (S’), a focussing 
lens (2) to render rays of light parallel, a polarising nicol (Р), 
and а half-shade plate (Н). This tube is fixed at one end of the 
polarimeter. 

The second tube (7;) of the polarimeter is fixed at its other end 
and contains an analysing nicol (A) and a telescope to receive the 
incoming light from the half-shade plate of the first tube. The 
analyser nicol is rotatable about the horizontal axis of the tube and 
its rotation can be observed on acircular scale (S) with Verniers. 
(V; and Уз). On seeing the half shade through the telescope, its. 


(Fig 4.25) 


two halves appear to be of unequal brightness expect on the rota- 
tion of the analyser nicol there are two positions, mutually 1802 
apart, when the two halves are seen to be of equal brightness. 
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Between the two tubes (T; and T»), is the third tube (T), arranged 
on a frame. Itis this tube which contains distilled water or the 
experimental solution of the solute in solvent, usually distilled water. 
The two ends of this tube are closed by optically piane glass plates. 


Theory. The C gms of optically active solute dissolved in 100 c.c. 
of solution made in an optically inactive solvent is the concentration 


or the strength of the solution. The amount Jg" gms is the 
solute per c.c. of the solution, and if a column of such a solution of 
length / cm or a decimeter rotates the plane of polarisation of a 
plane polarised light by 6°, then 


1 ІС 
=5—т= 5, 
9-510" = 3000 
where 5 is the specific rotation Гог the solute defined as the rotation 
produced by a column of solution of one decimeter length con- 
taining one gm of active solute per c.c. of the solution 
1000 Ө 


S=—_.—. 


ІС 


Procedure. (i) Clean the tube (T) of the polarimeter with distilled 
water several times and then fill it up with distilled water and put it 
over the frame provided for it in the instrument. Ensure that 
there is no buble in the tube. 


(ii) Illuminate the slit of the polarimeter by sodium light and 
see the two halves of the half-shade plate through the telescope. 
Rotate the analyser nicol until its two halves appear equally bright 
and note the readings of the positions of the two verniers. Repeat 
this adjustment and take observations three times. 


(iii) Take out the tube and empty its content in a measuring 
jar. Note the volume у of the water. To prepare a 2% solution of 
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the active substance. Calculate the amount w gms of the substance 
given by w—485v gms. Take a clean and dry flask and weight it. 
Let it be М gms. Then introduce the substance in it, the amount 
of which should greater than w. Take the weight. Let it be М-и”. 


The volume у’ of distilled water required for 2% solution is now 
calculated from 


y 


"= 100” бб с.с. 


Take this volume of distilled water іп the measuring flask and 
transfer it into the flask containing the substance. Shake the flask 
to dissolve the substance. 2% solution is now ready. Note its 
temperature. 
| (iv) Put the solution in the dry tube of the polarimeter, and place 
it over the frame of the instrument. Ensure that there is no water 
buble in the solution. Rotate the analyser nicol while seeing the 
two halves of the half-shade plate. Find the position of the nico} 
at which the two halves of this plate appear equally bright and note 
the readings of the positions of the two verniers, Repeat this adjust- 
ment and take three observations. 


(v) Repeat the experiment with 3% and 4% solutions. 


(vi) Note the length of the tube (T) between the inner surfaces of 
its end plates three times. 


Observations 
Solute. Cane sugar. 
Temperature of the solution =26°-3C. 


Length of the tube between the inner surfaces of its end plates 
—20:3 cm 
2012105 } 20-3 cm=/. 


(i) Preparation of Solution 


У= 61 c.c., w=1'25 gms, 
М = 32:83 gms, M--w' =34-54 gms; 


% w'=1°71 gms and v’ = 85:5 c.c. for 2% solution. 
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(ii) Data of Rotation 7: —09:1- 


киви 
1052 Reading of rotation 8 
| - S 8 
a | ЕВА ; = о я 
о | Е59| “ "MI = = Ze 8 
E 32 Б ы я Е Е 3 Е oje E ole 
59 = > = = E 
1 0% 28° | 0 |050) 2890 
2 | (Dis- | 29°] 6 |056) 292-6 | 289:53 
tilled 
water) 
3 28° | 0 |090) 2890 (A) 
4 204 0 [05:0 | 21000] . 
5 2119] 2 | 02-2 | 2119-2 | 2102-47 
6 210°} 2 | 02:2 | 2109°2 | (С) | 
1 Sessa ssl issu NM inu Wein — 
2 | 20% |26| 0 |050) 26>0 | 269-18 | 2535 
3 26° | з | 0°3| 26-3 | (B) |(A)-(B) 
4 207508 ЕТ БЕН [oe ПТИ РАО И 
5 2079 02-4 | 2079-4 | 208°°0 | 22:47 
6 208? 8 |0»8]|208989| (D) |:©)- D) 
ЕЕЕ 35-96 | 16-32 [1-31 _ 
| 4% 50:60 | 1940 | 00 


Results. s 1000 то 
1 с 


concentration 


Plot a graph of e 


203” 


1000 (0.31 


| —649-5 for %=5893А, at 26°-3С 
Standard value of S for cane sugar at 20°С and 4 to 8 percent 


= 66°°7 for 1.— 5893А. 


against c. 


ASSOCIATED EXPERIMENT 


1. To de 


termine the concentration of a. cane sugar solution using a 
polarimeter (Saccharimetry) қ 


Hints. Plot а rotation (0) vers concentration (c) graph from the 
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experimental data of 6 for several known с of the cane sugar solu- 
tion. Use now the solution of unknown concentration in the tube 
(T) and find the corresponding rotation (0). From 9—c graph read c 
against this @ for the solution of unknown concentration. 


EXPERIMENT 17. To verify Brewsters’ law. 


Apparatus. Spectrometer, analyser nicol in a mount, sodium 
vapour lamp, prism, spirit level. | 

Description of Special Apparatus. ANALYSER NICOL— This contains 
a nicol prism mounted in a hollow cylinder capable of being fitted 
in front of the objective of the telescope of a spectrometer. This can 
be rotated about the horizontal axis of the telescope and the rotation 
can be read over a circular scale backed by ап indicator. If an 
unpolarised light is incident over the nicol, its rotation does not 
produce any change in the intensity of illumination in the field of 
view. Ша partially polarised light is incident on the rotation of 
the nicol over a range of angle, one observes a minimum of illumina- 
tion. But if a plane polarised light is incident one observes darkness 
in a narrow range of rotation of the nicol, The principal section of 
the nicol is then perpendicular to the plane of vibration of the plane 
polarised incident light. 

Theory. . For the given surface of a material that particular angle 
of incidence of unpolarised 
light at which the reflected 
light is plane polarised, is 
called the polarising angle (ip) 
for the surface of the material 
(Fig. 4.26). The tangent of 
the polarising angle, ip is 
equal to the refractive index, 
н of the material і.е. 

(Fig. 4.26) tan i5— y. 


This is Brewster's Law. 
Procedure, (i) Adjust the spectrometer following the procedure 
of adjustment described in expt. 6. 

(ii) Measure the angle of the prism following the procedure of 
expt. 7B, and the angle of minimum deviation following the pro- 
cedure of expt. 8. Calculate the u of the material of the prism 

(iii) Remove the prism from the prism table апа focuss the slit 
of the collimater directly by the telescope, Bring the image of the 


Denser 
medium 
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slit over the intersection of the cross-wires. Note the verniers to 
take reading of the position of the direct beam of light. Repeat 
this observation thrice and obtain the mean readings of the two 
verniers. 

(iv) Now put the prism on the prism table with one of its 
polished faces just over the centre of the table. Also keep the centre 
of the face nearly above the centre of the table. 

(v) Turn the telescope by 40° from it direct position and clamp 
it there. Rotate the prism table to bring the light reflected from 
the polarised face of the prism into the telescope. Clamp the prism 
table by turning the tangent screw attached to it. Bring the reflected 
image of the slit over the intersection of the cross-wires of the eye- 
piece of the telescope. The angle of incidence of light on the prism 
face is now 70°. 

(vi) Fit up the analyser nicol-mount in front of the objective ‘of 


' the telescope. Rotate the analyser to find out the range Ф tO Qs 


over its scale in which you observe the minimum of illumination of 
the image of the slit. 

(vii) Turn the telescope away by intervals of 5°. Capture the 
reflected image in it and go on finding out the range one which you 
observe minimum of illumination of the image of the slit. Take 
observations up to an angle of incidence of 40°. 


Observations 
е 


(i) Angle of the Prism (А)—Ѕате table and calculation as in 
expt. 7B. t 

. Gi) Angle of Minimum Deviation (Dm)—Same table and calcula- 
tion as in expt. 8. 


‚ A+Dm 
sin —5— 


144 
sin 
2 


Calculate и using the formula p= 


Direct position of the beam— 


No. of | Reading of the | Reading of the 
obs. | first vernier Mean second vernier Mean 


1 
2 
3 
у дд 
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Nicol prism readings at various angles of incidence— 


{| Angle of ,  Nicol'prism reading Inference 
No o! | incidence about Ф 
oa в) (wide or narrow) 
9: Фа 9—9,— Ф 
1 70° 
2 
3 
4 
5 
6 
i 40° 


Results. Plot a graph with the range of minimum illumination 
range, o against the angle of incidence i, and from the graph deter- 
mine the angle at which o is minimum. This gives the polarising 
angle ip. 

Find тап ір, and determine the difference between this and the 
value of н as calculated from measurements of А and Dm. 

It will be found that the relation ќап і, = is correct within the 
limits of experimental error, 


EXPERIMENT 18. To determine the resolving power of a telescope for 
varfous object distances and to test the validity of the 
expression for resolving power of a telescope. 


Apparatus. Telescope, variable width slit, glass plate, measuring 
tape, travelling microscope. 


plane of the objective of the telesc 


? оре. The reciprocal of 4/a is the 
resolving power. 


4 
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If d be the separation 


between the two bright lines | | 
(sources) апа D be distance 
between the telescope objective dl ------------.. Je 
and either of the two lines | | 
od. О: 
D (Fig. 4.27) 
; “б 
So that 47% 


Procedure. (i) A pair of line sources may be made by fixing æ 
black paper on a glass plate with gum and drawing two parallel lines. 
over it with the edge of a sharp blade. The glass plate may be- 
mounted vertically оп а stand. The lines are illuminated a sodium: 
vapour lamp from behind. The lines are made nearly vertical. 

(ii) The telescope is errected on a vertical stand over а table and: 
its height is adjusted to be nearly equal to the height of the middle- 


part of the bright sources, The axis of the telescope is made hori- 
zontal and it is directed towards the sources. 


(iii) Then the telescope is focussed to see the sharp and separated’ 
images of the line sources at the central part of its field of view, 


(iv) The adjustible slit is errected vertically in front of the objec- 
tive of the telescope as close to it as possible. Its width is gradually: 
adjusted until the two images seen through the telescope just fail 
to be distinguished as separate images. 

(v) Measure the width of the apperture with the help of a. 
travelling microscope. 

j (vi) Repeat the experiment for several different distances (D). 
between the object and objective of the telescope (say, from 3 to 7 
meters). 

(vii) Measure the separation between the lines used as objects. 
with the help of a travelling microscope. 


Observations 


1 main scale division of the travelling microscope 
=0°05 cm. 
Г. С.=0:001 cm. 
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(i) Measurement of d— 
= = dá 


No. First line Second line 


obs. 


M.S.R| V.R | VRXLC | Total | M.S.R.| ув! VRxLC Total | п e 


1 | 955 |20 0:020 | 9570 | 925 | 46 0:046 | 9:296 | 0274 
2 955 |20 | 0:020 9:570 | 9:25 145 | 0:045 9:295 0:275 
з | oss |21 | оол | 9571 | 925 | 44 | 0044 | 9-294 | 0:277 
Mean d = 0:275 cm. 
(ii) Measurement of a at various D— 


6 ne Сш 
Width of the slit (data) | 
5 | Bio Initial (LHS) Final (RHS) ри. | А 
sje] x |————— PRG у 
EX Qe ба leon О ст х 10-5 
м-та 
2.5 ug. d X se 
ie all Re Ma ES 
5 > > | > | 
m bedi | — 
1 | 300 |91-7 | 9:55 | 10 |00109:560 9-48 | 16 /0:01619:496 0-640 922 
cm s 


2 | 450 | 61:1 |965| 30 0030 9:680 9:55| 30 |0:030|9:580 0:100 58:9 
cm 


5 
e a u 


Results. It is found that the value of А approaches 4. This 
a 


verifies the expression for the resolving power of the Telescope. 


Plot a graph with 5 against D, and draw your conclusion about 


5. MAGNETISM 
NEUTRAL POINT 


EXPERIMENT 1. Determination of magnetic moment of magnet by lines 
of force with magnet placed at 45° to the magaetic 
meridian. 

Apparatus. Bar magnet, compass needle, drawing board, two 
wooden stands, thread, scale, protractor and scale. 

Theory. The neutral point is a point in the magnetic field where 
the resultant field due to the magnet exactly balances an equal and 
opposite field H due to the earth’s horizontal field. That is, the 
neutral point is a point in the magnetic field where the resultant in- 
tensity is zero, so a small compass needle placed at the neutral point 
will be at rest in any direction in which it is kept. The position of 
neutral point depends on how a magnet is placed relative to the mag- 
netic meridian, its pole strength and the value of earth's horizontal 
component. 

When the magnet is placed at 45? to the magnetic meridian, the 
line joining the two neutral points will make a certain angle with the 
magnetic axis. 


(Fig. 5.1) 
If the component fields are denoted by Fa, Fs and H, we have 
H Fn F; 


sin/ SP,A  sin/SP,B  sinZ BP,A 


334 А TEXT BOOK OF PRACTICAL PHYSICS 


EE 
But Fa= (E and EISE 
where т —pole strength of the magnet. 
m= Fn. (NP,}}= Py (МРН 27 b; 
and, — m=F,.(SP,}= sac SpA SP. H ЧИЕ 


From these relations, calculate т and multiply it by magnetic 
length (21) which will give the magnetic moment of the magnet. 

Procedure. (i) Stretch a sheet of white paper on a drawing board 
‘and fix it in position by means of wax. Remove all magnets and 
magnetic materials from the neighbourhood of the board. Place а 
'compass needle in the middle of the paper. Stretch the thread bet- 
ween two wooden stands placed on the working table and make it 
parallel to the needle when it is about 4 cm above the needle. Place 
the bar magnet in the middle of the paper and draw its outline with 
а fine pencil. Determine the poles of the bar magnet and write 
the names of the poles. Remember that the dots, one against each 
end of the needle, should be marked after avoiding earth's field by 
rotating the board until the needle is parallel to the stretched thread. 

(ii) Remove the bar magnet and join the poles with a dotted line 
which will be the magnetic axis. Draw a straight line ХУ passing 
through the centre of the line №5 and making an angle of 45? with the 
line NS (magnetic axis). Next, rotate the board until the line YY is 
parallel to the stretched thread. Now keep the board fixed up to 
the end of the experiment. 

(11) Place the bar magnet on its previous position. Near the 
N-pole of the bar magnet place the compass needle and when it comes 
to rest, mark two dots, one against each end of the needle avoiding 
parallax. Next shift the needle so that its S-pole is opposite the 
dot which was previously opposite its N-pole and mark its N-pole by 
‚а dot, when it comes to rest, Іп this way, mark the dots until some 
point of the bar magnet or the end of the paper is reached. The board 
should not be disturbed. Join the dots with a smooth curve. Indicate 
the direction of the line of force with an arrowhead. This curve will 
be the line of force in the combined fields of magnet and earth. 

(iv) Putting the compass needle at different points near the N-pole 


^ 
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of the bar magnet, draw a large number of lines of force. These lines 
of force should not be very close to or distant from each other, A 
curvilinear quadrilateral space will be formed. 

(v) Narrow the region of curvilinear quadrilateral space by further 
drawing lines of force there. Place the needle in this small region 
and adjust its position carefully so that when disturbed by means of 
an iron-pin, it comes to rest in any position. Draw the outline of 
the compass needle and locate its centre which will give the neutral 
point, say, P,. 

(vi) Similarly locate the position of another neutral point P;. 

(vii) At P, and Р,, draw straight lines parallelto XY. Join N-P,, 
N-Po, S-P, and S-P, and measure them with a metre scale. Also 
measure NS with the scale which will give the magnetic length 2]. 
Measure the angles SP,B, 5Р.В, SP,A, 5Р.А, ВР,А апа BP,4 with a 
protractor in both the quadrants. Calculate m and M. 


Observations and Calculations 


Enerthuss: | NS—2I—,.. .cm., 


МР... cm., NP}=.... sq. cm. 
ИЕ, sish cm., NP}=.... sq. cm. 
SPs aia cm., SP{=.... Sq. cm, 
5Р=.... cm., SPERA sq. cm. 
ZSP,B | ZSP,B ZSP,A | ZSP,A И ВР, А Z ВР, А 
іп deg. | indeg. | in deg. in deg. | in deg. in deg. 
шасе EE ы 
First | 
quadrant | 
` Second | 
quadrant 
Mean | | | | 
A sin ZSP,B=.., 3 Sin Z SP,B=....: sin И5Р.А=....; 
sin Z SPA =...:; sin Z. BP, —....; sin LBP$M —.... 


H —.... oersteds (supplied) 
-. Pole-strength, m= (i) ....weber 
(ier Jes i 
I weber 
(ЧУ) =, М 
-. Magnetic moment, М =т.21= .. .. weber-cm. 
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Result. Pole strength of the magnet=... .weber. 
Magnetic moment of the magnet =... .Weber-cm. 

Precautions. (i) Before starting the experiment, all magnets and 
magnetic materials should be emoved from the neighbourhood of 
the board. (ii) At the time of determining the magnetic meridian, the 
bar magnet should be taken away to a safe distance from the board. 
(iii) While turning the board, it should not touch the wooden stands. 
(iv) The compass needle should be gently tapped before marking the 
dots opposite its two ends. 


ASSOCIATED EXPERIMENTS 


V. Place two bar magnets with their axes along a line and their 
N-poies facing each other at the given distance. Trace the lines of force, 
eliminating the effect of the earth's field, and compare their magnetic 
moments. 

Hint. Trace the lines of force and hence locate the position of 
the neutral point. At the neutral point, the field due to one magnet 
is equal and opposite to the field due to the other magnet. Hence 

2м,а 2М-а. 
ЕЧ м where d=the distance of the 
т 2—1)" neutral point from the centre of 
M, d, (42—12 the magnet. 
M. d, (48—12) 


2. Place the given magnet at right angles to the magnetic meridian 
and locating the neutral points determine its magnetic moment (value 
of H will be supplied). 

Hint. Trace the lines of force and locate the positions of neutral 
points. Here, at the neutral point P the resultant F of the forces Fp 


H N 


and Е, due to north and ,south 
poles of the bar magnet is equa 
and opposite to the horizontal 
component H of the earth's 
field. If the distances of neutral 
point Р from north and south 
poles are d, and d, and the 
angles made by SP and NP with 
north-south line are 0, and 6», 
then da COS0; == cos0, =H, 


(Fig. 5.2) where m is the pole strength of 
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the bar magnet. Find out m from this relation. 

Hence calculate the magnetic moment М = т.2/, where 21 is the 
distance between the two poles. 

Note. Placing the bar magnet in any direction, this formula may 
be used. 


MAGNETOMETERS 


EXPERIMENT 2. Determination of the absolute values of H and M by 
using deflection and oscillation magnetometers, 


Apparatus. Deflection magnetometer, oscillation magnetometer, 
bar magnet, brass bar, stop-watch, balance, weight-box, slide callipers, 
compass needle, two wooden stands and thread. 

Description of the apparatus : (i) DEFLECTION MAGNETOMETER : It 
consists of a small magnet, referred to as the magnetic needle, 
pivoted at the centre of a circular scale graduated in degrees, so as 
to move freely in a horizontal plane (fig. 5.3.). А long aluminium 
pointer is fixed symmetrically to the needle at its centre and at right 
angles to its axis. The ends of the pointer move over the circular 
scale. The circular scale is divided into four quadrants and each of 
them reads from 0° to 90°. The needle, pointer and scale are moun- 
tedina glass-topped box (called magnetometer box) to protect 
them from air draught. A circular strip of mirror is usually placed 
below the pointer. In taking a reading, when the eye of the observer 
is so placed that the image of the pointer is hidden by the pointer 
itself, then there is no parallax and the reading is accurate. The 
box is mounted on a wooden frame to which “two arms" are attached 
which bear scales; the zero of the two scales coincide with the centre 
of the needle. 


(Fig. 5.3) 


The bar magnet can be used to produce a field at right angles 
to the magnetic meridian (along which the borizontal component of 
earth's field acts) in one of the two simple ways. These are known 
as Tan-A and Tan-B positions of Gauss. The two arrangements 
аге shown in fig. 5.4. 


T. B. P. 22 
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4 


i 
MAGNETIC 
NORTH 


GAUSS Tan- А POSITION 
“ено-он” Position] 

(The magnet may also beto the 
East of the magnetometerboz) 


GAUSS Tan- B POSITION 
[BROAOSIDE- oN PosrrióN) 


MAGNETIC 
NORTH 


(The magnet may also pe tothe 
— North of the magnetometer box 


h holds the magnet, 


tsion head. On the 
base of the box below the magnet, 


is fixed a strip of plane mirror with 
a fine line L (called the reference 
line) scratched on it along its 
length. Vertically above reference 
line there are two slots Sı and S,, 
covered with glasspanes, on the top 
Surface of the box, through which 
the oscillations of the Suspended 
magnet can be observed, i 

Theory. If the deflection mag- 
netometer is placed in the Tan-A 
position of Gauss, and the bar 
Magnet produces a deflection @ on 


is Suspended by an unspun silk fibre from the to 
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the magnetic needle, then 
2 2Ма 


"E. mee 
(2—18) tano 
М _ (4—1) 
= ba NET к 
or | = 92 ano (1), 
where M —the magnetic moment of the bar magnet, 


Н = һе horizontal component of the earth's field, 
2] «the magnetic length, and 
d=the distance of the needle from the centre 
of the bar magnet. 
If the same bar magnet is oscillated at the same place in an oscillation 
magnetometer, then the time period, 7, of the bar magnet is 


given by 
-T 
2 25, MH 
4л21 
ог МН- Ts .. (2), 


where J is the moment of inertia of the bar magnet about the axis 
of suspension. Fora rectangular bar magnet, 


reo ) Le. gk 


where w, a and b are the mass, geometrical length and breadth of the 
bar magnet respectively. 


Dividing eqn. (2) by (1), we get, 


dn 2d 
2n 21а 
Г HEREZE y iano Nu. Ай 


Again, multiplying eqn. (2) by (1), we get, 
47 — (d*—[2y 


ELIO NA S A 
М? = TE ` 2d tano 
2n(d*—]?) /Ттапо 
or ДИ пе ad и (5). 


Procedure. (i) Weigh the bar magnet (correct up to second place 
of decimal) and measure its length and breadth with slide callipers. 
Calculate the moment of inertia (7). Determine the magnetic length 
(21) which is § of the geometrical length. (This factor is not a cons- 
tant but depends on the ratio of the geometrical length to the breadth 
of the magnet.) 
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(ii) Set the deflection magnetometer іп Тап-4 position of Gauss. 
For this purpose, stretch a thread between two wooden stands placed 
on the working table and make it parallel to the pointer. Now turn 
the arms of the magnetometer on the table until the arms are parallel 
to the stretched thread. Rotate the magnetometer box without 
disturbing the arms till the pointer reads 0°—0°. (If the magneto- 
meter box is rigidly fixed in the wooden frame, usually the pointer 
reads 0?—0? when the arms are parallel to the stretched thread.) 


(iii) (а) Place the bar magnet on one arm, Say east arm, in such 
a way that its axis is parallel to the arms and when produced it passes 


through the centre of the magnetic needle. Adjust the distance of the 
centre of the magnet from the centre of the 


needle so as to get a 
deflection nearly 459 


failing which between 25? and 65? at the same 
time keeping the value of d quite large. Avoiding parallax, read both 
ends of the pointer. Determine d, the distance of the needle from the 
centre of the bar magnet. It is the mean of the readings of the ends 
of the bar magnet. 


(b) Turn the bar magnet upside down in t 
read both the ends of the pointer. 


‚ (©) Keeping the bar magnet at the same distance, reverse the pole 
facing the needle and read both the ends of the pointer. 

(d) Again turn the bar magnet Upside down in the same position 
and read both ends of the pointer. 

(e) Repeat the operations as above 
on the west arm at the same distance as before. Find the mean of all 
the sixteen deflections which will give 6, free from errors. 

(iv) Place a compass needle on the base of t 
meter in such a way that its centre lies on the 
the magnetometer till the line is parallel t 
adjustment by viewing from the slot Sı or 5, 

(У) Now place the brass bar 
equal to the bar magnet, on the st 
face is horizontal and the axis oft 
tical suspension fibre, The fibre, i 


he same position and 


by placing the bar magnet 


he oscillation magneto- 
reference line. Rotate 
O the needle. See the 
of size and weight approximately 
irrup in such a way that its upper 
he rotation coincides with the ver. 

f twisted, will untwist itself. During 
the process of removal of twist, the motion of the brass bar should 
be checked after every few oscillations, otherwise when the fibre is 
untwisted, the inertia of the rotating bar may cause it to twist in the 
opposite direction. When the bar comes to rest, turn a little, if 
necessary, the torsion head so t 


hat the axis of the bar is parallel to 
the reference line. See the adjustment by viewing from the slot. 
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(vi) Now hold the stirrup tightly in position and withdraw the 
brass bar replacing it by the bar magnet used in the deflection 
experiment. The bar magnet should lie perfectly horizontal in the 
Stirrup with its north-pole facing towards north 

(vii) Next bring the N-pole of another magnet momentarily near 
the N-pole of the suspended magnet and set the latter into angular 
oscillations of small amplitude (nearly 4°). Take away the second 
magnet to a safe distance from the suspended magnet. Start the stop- 
watch exactly when one end of the bar magnet crosses the reference 
line from, say, left to right and count zero. When the same end of the 
magnet crosses the line from left to right, it has made one complete 
oscillation. When the magnet has completed 20 oscillations, stop the 
stop-watch. Repeat this process thrice and find the mean of the time 
taken in 20 oscillations. From this, find the time period (T) in sec. 
The oscillations should be watched through a slot from above. 


Observations 
Enter thus : 
(A) Mass of the bar, w— ...... gm. 
(B) Readings for geometrical length and breadth of the bar magnet, 
1 M. S. divn. of the slide callipers=....cm. 
.. Vernier divisions coincide with... „Мат scale divisions 
ae Liver, divn. e... cm: 


Least count of the slide callipers=....cm. 
Zero-error = +....cm. (If the zero-error is zero, state *nil'.) 


— ——————————————_____—_ 


E 
A 


pa Re 4 ain ст Breadth, b in cm 
B B а 
5 а Е Е o o Я Я 5 
S 4E a|s|28| s Е Е За 
s m 25 >| 94 г ж 7% 9. 
3 I Zig us| © _ | Ж 8 БЕ 
2 ; x 8 g 
2 |= в |5 [98] 2 | 8 | 8 | $ | 88 


EA Tm of the magnet, a=. 


өш 
Breadth of the magnet, b=... cm. 
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(C) Readings for the deflection, 8. 


Е Deflections, in degrees 
d Mean 
Е N-pole towards needle S-pole towards needle | deflection| Tang 
= | ом 
ч 
8 3 Face up Face down Face up | Face down degrees 
= |5 
8 | 
а Е End Епа II |End J| End If |End ғаа II Ead IEnd И | 
| 
East] ... = 2; бу ate ad ES | т 5 | ics 
West | 


(D) Readings for the time period, T. 
о 
Time Гог 20 oscillations, in sec 
Time period, 


| T in sec 
I | ТІ | ІП | Меап 
| | ! 
ие сопа s rer 
Calculations. 
2 2 
pega al RC 25 i 
12 
5 1 
21-—xa-....cm. 47 ЛЕС cmi 
27 214 
о. / Е а ped teds. 
H T(d:—1) "E E» wu 
М= ==” d =....weber-cm. 
Result. 
The horizontal component of the earth’s field, H=....oersteds. 
The magnetic moment of the bar magnet, M=....weber-cm. 


Precautions. (i) Before starting, 
should be removed from the neigh’ 
(ii) To minimise the effect of friction at the pivot, the magnetometer 


box should be lightly tapped ‘before taking the readings of the 


pointer. (iii) The pivot of the needle may not pass exactly through the 


all magnets or magnetic materials 
bourhood of the magnetometers. 


wv 


* affect the final result. Further the lar 
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centre of the circular scale. To correct for this error (called the ‘eccent- 
ricity error’) both the ends of the pointer should be read and the mean 
of the two readings should be taken. (iv) The magnetic axis may not 
coincide with the geometric axis of the bar magnet. To correct for this 
error, readings should be taken by turning the magnet upside down at 
the same position (v) The magnetic poles of the bar magnet may not be 
equidistant from its geometric centre. To correct for this error the rea- 
dings should be taken by reversing the polarity of the bar magnet at 
the same position. (vi) The centre of the circular scale may not coincide 
with the zero of the two scales of the two arms. To correct for this error, 
readings should be taken by transferring the magnet on the other arm 
at the same distance. (vii) While taking the readings of the pointer, 
parallax error should be avoided. (viii) The deflection magnetometer 
should not be disturbed once it is properly set. (ix) There should 
not be any pendular oscillation of the suspended magnet in the osci- 
llation magnetometer. If the suspended magnet executes unwanted 
motion, stop it by means of a light camel hair-brush. (x) The stirrup 
holding the magnet should be near the mirror fixed to the base, but 
should not touch it. (xi) As the moment of inertia of the stirrup has 
not been taken into account in the derivation of the above formula 
for T, it should be'very light. It is better to have а loop of silk fibre 
for holding the magret. (xii) The door of the box should be: closed 
while noting time of complete oscillations. 


Discussion. This method yields a satisfactory result. But it suffers 
from the following defects: The magnetic length cannot be deter- 
mined accurately. As the magnetic needle is not sufficiently small, 
the field at the needle is not uniform. The friction at the pivot is 
not negligible. The ‘pointer and the scale method’ of measuring 
deflection is not susceptible to great accuracy. For greater accuracy 
the deflection should be about 45? and at the same time the distance 
d should be large.* Тһе compliance with these two conditions at the 
same time is not always practicable. The amplitude is not sufficiently 
small. The moment of inertia of the stirrup is not sufficiently small. 
The fibre is not completely free from torsional reaction. 


Note. For better result, a strong bar magnet should be used. Then 
both d and 0 may be kept large. Further, the magnet may be regarded 


as swinging wholly in a uniform field of the earth. 


. 


*d being large, an error in evaluating the magnetic length will not appreciably 


ger the value of d the great is the uniformit 
of the field at the needle. ч 
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EXPERIMENT 3. Verification of the law of inverse squares of magnetism 
using Searle’s magnetometer. 


Apparatus. Searle’s magnetometer, Robinson magnet, stop-watch, 
drawing board, compass needle, two wooden stands, thread, a wood- 
en stand with clamps, metre scale and plumb line. 

Description of the apparatus. (i) SEARLE'S MAGNETOMETER : It con- 
51515 of a small cylindrical magnet about 15 mm in length and 1:5 mm 
in diameter, passing through the lower end of a heavy brass cylinder, 
which increases the moment of inertia of the system and hence the 
time-period (fig. 5.6). Below the magnetic needle is attached a long 
aluminium pointer (about 5 cm in length) to facilitate the counting 
of oscillations. The brass cylinder is suspended inside a glass cylin- 
drical jar (about 30 cm in height and б cm in diameter) by means 
ofan unspun silk fibre, the upper end of which passing through a 
hole in the centre of a circular card-board, which forms the upper 
lid of the jar, is tied to a brass pin. As the magnet is small, it may 
be regarded as swinging wholly in the uniform field. 

(1) ROBINSON MAGNET : It is a long ball-ended magnet. The 
poles are practically at the centres of the spheres (balls), 

Theory, If the magnetic needle of ma 
in the, horizontal plane in the earth? 
Periodic time T, is given by, 


gnetic moment M oscillates 
S horizontal field H, then its 


I 1 | 
Ty=2n /—_=—, where J=the moment of inertia of the 
МН т suspended system, Xx 


2 т = ће no. of vibrations рег sec due 
бї ne to earth's field alone 


; 0001); 
where K= = =a constant. 

If now the ball-ended magnet is 
at a distance d cm to the magnetic 5 
(and in the same horizontal plane as the latter), then since the effect 
of the S-pole is negligible, the field due to N-pole will assist the field 
due to earth so that the total field acting on the needle is equal to 
the sum of the two fields. 


If the combined field of the earth and the magnet is A+F, 


time period T}, then H+F,=Kn,2, where m=} =no. of vibrations 


1 
рег sec due to combined field of earth and magnet. 


Placed vertically with its N-pole 
outh of the magnetometer needle 


and the 
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> Fy=K(a,?—n,") © (2). А 
Similarly, Е, =А(п.?— по”), Ез = K(n? —ng), etc. 
If Fac e then F,d = Fyd = Fad = ....—a constant 
ог (т —192)d,2 = (ng —ng)d2 = (ng — 1,2) 4,2 = ....—a constant. 


Thus to verify the law of inverse squares it will be sufficient to 
show that (n? —,3)d? is а constant or that a graph of (n? — пу?) against 


17%: А Р 
— is astraight line. 
d: 8 


(Fig. 5.6) 


Procedure. (i) Stretch a sheet of white paperon the drawing 
board and fixitin position by means of wax. In the middle of the 
paper draw astraight line АВ. Remove all magnets and magnetic 
materials from the neighbourhood of the board and place a compass 
needle on the board. Stretch a thread between the two wooden stands 
and make it parallel to the needle. Next turn the board till the line 
AB is parallel to the thread, i.e., in the plane of the magnetic - 
meridian. After this, do not disturb the board. 

(ii) Place the magnetometer on the northern side of the line AB 
іп such a way that the axis of the magnetometer needle and the 
line AB are in the same vertical plane. The lower end of the brass 
cylinder should remain a little above the bottom of thejar. Now 
oscillate the needle by bringing the N-pole of another weak magnet 
(or a rod of iron) momentarily near the N-pole of the needle, Take 
away the second magnet or rod to a safe distance from the needle. 
Observe the amplitude of oscillations. They should be equal on 
either side of the line. If not, there is torsion in the suspension. Then 
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rotate the card-board carrying the pin in proper direction till the 
Ке oscillates equally оп both the sides of the line AB. 

(iii) Again oscillate the needle with small amplitude (nearly 4°). 
There should not be any magnet or magnetic material in the neigh- 
bourhood of the magnetometer. Using a stop-watch, find the time 
taken for 30 oscillations Repeat this thrice and find the mean. 
Divide this mean by 30 which will give the time period (Ту). 

(iv) Now clamp the ball-ended magnet in а wooden stand verti- 
cally above the line AB with its N-pole downwards and south of the 
magnetometer. Adjust the height so that the N-pole (centre of the 
lower sphere) is in level with the magnetometer needle. To start 
with, the distance between the centre of the needle and the N-pole 
of the Robinson magnet should be nearly 4 cm. Using stop-watch, 
find thrice the time taken for 30 osillations. Determine the time 
period (Tj). Measure the distance d, cm with the help of horizon- 


я tally clamped metre scale and plumb 
line (as shown in the fig. 5.6). 
| (v) Increase the distance by 
2 about 1 cm and determine the time 
D А 
$ period (Т7). Also measure the 
= distance d, cm. 
Ф (vi) Repe&t operation (v) for 
al five different distances. 
bd З в. 
a ея —X (vii) Plot a graph taking gn 
(Fig. 5.7) cm-* along x-axis and (a? — n) in 
sec? along y-axis which will be a Straight line passing through the 
origin (Fig. 5.7). 3 
Observations and Calculations 
Enter thus : 
oe ^ "9 
с Е E Time for 30 oscillations a ES ы 
= 2 a in sec & 4 teh e 
Б E 7. SS 8% EZ [ 
2 * | -s | тїп] ш [Mean Bs Ss = 
1 C Ü СҢ СТІ ше | am 
5 АО кеі мк” 2% (Т) 0 
2 а) 
4 cvv ses) X 5 (T) 
1 качын һы utr) 
6 Be | dw tesa send e eta 
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Conclusion. (i) The value of (n*—n,°)d* is very nearly constant, 
hence law of inverse squares is verified. 

(ii) The graph of (п — n) against 2, isa straight line which also 
verifies the above law. i 

Precautions. (i) The lower N-pole should be on the same hori- 
zontallevel as the magnetometer needle. (ii) The N-pole should 
be on the meridian line passing through the needle. (iii) The N-pole 
should be south of the magnetometer. (iv) The ball-ended magnet 
should be kept vertical. (v) Check that Р, and Н are additive by 
observing that Т, is less than То. 

Note. By placing the ball-ended magnet horizontally, the experi- 
ment can be performed. Remember that the N-pole of Robinson 
magnet should always point the north direction. 


ASSOCIATED EXPERIMENTS 


1. Find the magnetic length (or the magnetic moment) of a bar 
magnet. 

Hint. Set the direction magnetometer in Tan-B position of Gauss. 

For this purpose, stretch a thread between two wooden stands placed . 
on the working table and make it parallel to the magnetic needle. 
Now turn the arms of the magnetometer on the table until the arms 
are parallel to the stretched thread. Rotate the magnetometer box 
without disturbing the arms till the pointer reads 0? — 0°. 
‚ Placethe bar magnet on one arm, say north arm, in a symmetri- 
cal position perpendicular to the arm. Avoiding parallax, read both 
ends of the pointer. Determine d, the distance of the centre of the 
needle from the centre ofthe bar magnet. Turn the bar magnet 
upside down in the same position and read both ends of the pointer. 
Reverse the bar magnet in position (end for énd) aud again read both 
ends of the pointer. Again turn the bar magnet upside down in the 
same position and read both ends of the pointer. 

Repeat the operation аз above by placing the. bar magnet on the 
south arm at the same distance as before. Find the mean of all the 
sixteen deflections which will give 0, free from errors. 

Repeat for different values of d over as wide a range as possible 
provided the deflection is between 25° and’ 659; 


For the “broadside-on” position, M —(d*--I2))/? H tano, 
from which it can be seen that dP = (мун Cot?/3 9, 
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Hence on plotting cot*/0, against d?, a straight line graph 


\, 


— 


f----...2M0 


А 


Enter 


dO d? in cm? — —- 


(Fig. 5.8) 


thus : 


is obtained. Thus by extra- 
polating the graph to cote=0, 
the intercept OA is obtained 
from which / can be determi- 
ned. For, when со10= 0, d?-+-/2 
—0, ie. = —][2, Also, the 


"OG DRM de 
slope (- $2) will give the 
2/3 


value of (2) from which M 


can be determined (provided 
the value of H is given). 


SS А 


No. of observations 


Distance d, іп cm 


Deflections, in degrees 


North pole towards 
east 


Face up |Еасе down 
| 


Arm used 


I] Il I 


South | North 
| 
| 
| 
| 


End Епа (Епа |End 


А 
8 
South pole towards | 9 
east Ө 
8 
- 
Face up Басе down 8 
cue m fie | 8:7 
End [Епа | Епа| End. 8 | 5 | 2 
I SEALE. || 
ШАЛЫ (5215 x 


| | 


By extrapolation, OA=.... Е 


l=/ ОА =. 
Magnetic length (2/) = 


..Cm. . 
..Cm. 


MAGNETISM 349 


From slope QD (ie 
Н = ....oersteds (given) 
M=....weber-cm. 


2. Verify the law of inverse squares of maguetism using a deflection 
magnetometer. 

Hint. Set the deflection magnetometer in Тап-А position of 
Gauss. Obtain a series of values of the angle of deflection (84) for a 
range of values of d. 

Next set the deflection magnetometer in Tan-B position of Gauss. 
Again obtain the values of the angle of deflection (65) for the same 
values of d as before. Deflection should lie between 25° and 65°. 


Let 0, and 0, be the deflections observed for the same value of d 
in Tan-A and Tan-B rae of Gauss respectively. 


In Tan-A position, — — (ар) tan 0,, and 
A 2d 
in Tan-B position, М аву tan Ө». 


Both these expressions are obtained on the assumption of the law 


of inverse squares. Consequently any relationship derived from 
them must in turn depend on the truth of the law. 


n 
Now, 188.01 _ 24r ppm 24 (143 2) 


Тап 0; (d? — 1°)? “(1-2 


=2(1+3 в) (1+2) 217 2 


=2 FU ; (neglecting higher powers of 148). 


For а short magnet, 


tano, 


tan 0, 
Thus if it can be shown that the above relationship holds good, 


then the law is verified, А graph of uu against d should show 
А n B 
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tan 0, 


the ratio ———* approach the line through 2 as 4-00, iie, as the 
n Өв 


theoretical condition of / being negligible compared with dis realized. 


o 
dinem --- х 


(Fig. 5.9) 
This method is called the Gauss’s proof of the above law. 


Note. (i) In the above proof, it is advised to take a magnet 
about 2 to 3 cm in length to ensure a good accuracy of results. 

(ii) The law may be verified approximately by taking a bar mag- 
net of 15 to 20 cm and utilising the tangent-4 position of the deflec- 
tion magnetometer. If the effect of the pole away from the magneto- 
meter needle is ignored, then the field F at the centre of the needle 
due to the pole of the magnet facing the needle is given by 


m 


Е=Н tan =» provided the inverse square law is true where 


m = pole strength of the magnet. 
Hence, if it is shown that d*H tan 0,= т-а constant for different 


values of d and corresponding value of 0,, then the Jaw is established 
indirectly. 

3. Using the two given bar magnets jointly, 
moments by an oscillation magaetometer. с 

Hint. Place the two bar magnets together (one above the other) 
in the stirrup with their north poles Pointing in north direction.. In- 
sert strips of paper between the magnets to avoid sticking. Find out 
the time period of oscillation in the usual Way. Let this be Т, (sec). 

Take out one bar magner (the weaker*) and replace it in the 


compare their magnetic 


*The weaker magnet can be found before the 
magnets іп turn near to a compass needle—that 
the same distance is clearly the weaker. 


experiment by bringing the 
baving the smaller effect at 


у ——— 


=. 
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‘stirrup with its axis reversed. Again determine the time period of. 
oscillation. Let this be 7, (sec). The magnets should be arranged 
symmetrically with parallel axes in the same vertical plane. 

The moment of inertia of the suspended system is not changed by 
reversing one of the bar magnets, but the magnetic moment of thé 
system is in the first case equal to M;-- M; and in the second case 
М,- М;, M; being the magnetic moment of the weaker magnet. 
Thus, : 


зру pm 
=? el шз Ж И „= E. еу.) NN 
% z Qn M) н" 294 1 2) (M - Mj Н 
By squaring and dividing, 


T? _ Mi—M, 
74 М+М,’ 


Mı тұта 
М, тата" 

Without determining the moments of inertia of the two bar 
magnets, we can compare their magnetic moments by this method. 


whence 


4. Determine the intensity of magnetisation of the given bar magnet 
using a deflection magnetometer. Value of H will be supplied. 

Hint. Using deflection magnetometer in Tan-A position, cal- 
culate the magnetic moment, М, of the bar magnet. Also determine 
its volume by measuring its length, breadth and thickness with slide 
callipers. Then, intensity of magnetisation, 

ns Magnetic moment 


CrGys> anit: 
Ven G. S. unit 


5. With the help of Searle's magnetometer find the ma 
of the given bar magnet. Va!ue of 77 will be supplied, 

Hint. Find thetime period of oscillation in the earth's field 
alone. Let it be Т, (sec). 

Next place the given bar magnet with its centre at a distance of 
about 15 em from the centre of the needle due South of it and its 
N-pole pointing north as shown in the figure below and find the tim 
period of oscillation in the combined field of earth and the ma | 
Let it be Т, (sec). Measure the distance between the centre opu 
magnet and the centre of the needle. Let it be d, (cm). Repeat E 


experiment for three different distances, increasing the distance b 
about 2 cm each time. s 


gnetic moment 
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Also measure the length of the bar magnet, from which calculate 
the magnetic length (2/). 


H Se ERES: 
(Fig. 5.10) 
The IS AUN 
p ; 4-45 / МН 
= Т 
а = Ие ЛИН 
ап Ti 2s S SETTE) 


where I— moment of interia of the suspended system, 
M, magnetic moment of the needle, 
Н — horizontal component of the earth's field and 
F,=the field due to the given magnet. 


Tè _H+F, E Та-та 
Hence, == 1 ТЕЕ з db 
епсе 5 нот TR 
Md, 
But Рав» where M —magnetic moment of the given 
magnet. 
2Md, T-T? Н (d$ - Pj (T-T?) 
-= = 4 = Ар 1 
Ват 1) TE or М= x ( T ) 


Hence M can be calculated. 


6. Show graphically the variation of ma 
magnet, along the prolongation of the axis of the given bar magnet 


Hint. Set the deflection magnetometer in tan-A position of 
Gauss. Obtain a series of values of the an ; 
gle of deflec 
' range of values of d. Коа оша 


netic field due to a. bar 
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Enter thus : 


3 © Ғ-Н 
No. of | Distance | Mean H 
obs. d (cm) 0 tano (Gauss) Te 

1 10 

2 1 € Жу, 0:36 

3 12 

10 25 ase 
—ы—==—ы—ыы=——=—=—ыыы—ы—ы—ы=—„.„ АННА 


Now plot a graph taking d along x-axis and F along y-axis, 


7. Show graphically the variation of magnetic field due to a bar 


magnet, along a line passing through its centre and perpendicular to its 
axis. 


Hint. Set the deflection magnetometer in Tan-B position of 
Gauss. Enter your results and plot a graph as in Q. 6. 


аР CL RIC LIE 


EXPERIMENT 4. Determination of the magnetic dip using a Dip 
circle. 


Apparatus. Dip circle, two magnets, a wooden frame for use in 
remagnetising the dip needle, brass tweezers (or two finger gloves). 


Description of the apporatus. pip CIRCLE : It consists of a mag- 

netic needle АВ provided with a fine steel axle at its centre of gravity 
and at right angles to its length. The axle rests horizontally on two 
agate knife edges so that it may turn freely and with a minimum 
friction. The needle is free to rotate in the plane of the vertical 
circle Sj, which is graduated in degrees, 0°— 0° being on the 
horizontal line and 909 90° оп the vertical line. The axle 
passes through the centre of the circular scale: 51. The instru- 
ment has a screw type lifter P which can raise the needle off 
T. B. P.-23 
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т the knife edges into two 
V-supports so that the axle of 
the needle coincides with the 
axis of the circle S,. The 
whole system is contained in 
a wooden box with glass 
sides, mounted on a stand so 
that it can be rotated about 
a vertical axis. The angle 
of rotation is given by a 
vernier V moving over a 
horizontal circular scale Sz 
graduated in degrees. The 
instrument rests on three 
levelling screws Гл, Le, L and 
the levelling can be tested 
by means of a spirit level Г. 

Theory. Dip at any place 
is the angle which the direc- 
tion of the earth’s total mag- 
netic intensity makes with the 
horizontal line in the mag- 
netic meridian at that place. 
(Fig .5.11) Hence, if the magnetic needle 
is so pivoted through its centre of gravity as to move freely in а 
vertical plane and if the vertical plane coincides with the magnetic 
meridian, the angle included between the horizontal and the axis 
of the needle is the angle of dip. 


Procedure. (i) Carefully level the instrument. Turn the screw P 
and lower the needle on to the knife-edges. 


(ii) Adjusting the plane of the dip circle in the magnetic meridian. 


(a) Rotate the upper part of the instrument until the needle 
appears to be vertical. Adjust until the top of the needle A is at the 
90° mark. Read the zero of the vernier on the horizontal circular 
scale. The bottom of the needle may not be exactly at 90°. So 
rotate the upper part of the instrument until the bottom of the needle 
is at the 90° mark. Read the zero of the vernier on the horizontal 
scale. 


Mark this face of the instrument and the needle with ink or chalk 
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to indicate that this face is, say, towards the south. 


(b) Next rotate the upper part of the instrument through 180°, 
The marked face of the instrument and that of the needle are now 
towards the north. Adjust until the top of the needle is at the 90° 
mark. Read the zero of the vernier on the horizontal scale. Again 
adjust until the bottom of the needle is at 90° and read the zero of 
the vernier on the horizontal scale. 


(c) Reverse the needle on its bearings (using the brass tweezers or 
with fingers covered with gloves) and repeat the two readings. Now 
rotate through 180° and repeat the two readings. Here the face of 
the instrument is towards the south but the marked face of the 
needle is now towards the north. 

(d) Find the average of the eight readings. If the horizontal scale 
is graduated from 0° to 360°, then set the upper part of the instru- 
ment exactly at the average reading. The vertical plane in which the 
needle moves now lies in the magnetic meridian. If the horizontal 
scale is divided into four quadrants, each of them reading from 0° 
to 90°, then rotate the upper part of the instrument through exactly 
90° from the average Teading to coincide with the vertical plane with 
the magnetic meridian. 

The marked face of the instrument is, say, towards the east and 
the marked face of the needle is then towards the west. 


(iii) Measurement of dip. 


(a) The axle of the needle may not coincide with the centre of 
the vertical circular scale, Therefore, read both ends of the needle on 
the vertical scale. 


(b) The magnetic axis of the needle may not coincide with the 
geometric axis. Therefore, reverse the needle on its bearings and read 
both ends of the needle. 


(c) The zero line of vertical scale may not coincide with the 
horizontal. Therefore, rotate the instrument through 180°. Read 
both ends of the needle. Then reverse the needle on its bearings апа 
read both ends of the needle. 


(d) The centre of the axle 


may not coincide with the centre of 
gravity of the needle, Therefore, 


demagnetise* the needle by heating 


* For the best way of demagnetising hold the needle in the solenoid, switch 


оп the alternating current and withdraw the needle to а great distance along the 
axis of the solenoid. Then switch off. 


To maguetise, place the need 


le inside the solenoid and connect the apparatus 
to the A.C. mains. A sharp ta; 


р is given to the keyso that the alternating current 


356 А TEXT BOOK OF PRACTICAL PHYSICS 


and remagpetise with opposite polarity by the method of divided touch 
by placing the needle оп a grooved wooden frame so that the two 
magnetising magnets move over the wood surface and do not come 
in contact with the needle. Now place the needle back on its bear- 
ings and repeat the eight readings as before. 


Find the mean of the sixteen readings which will give the true 
angle of dip. 


Observations and Calculations 


Enter thus : 


(4) Readings for setting plane of the Dip-circle in magnetic 
meridian. 


1 M. S. divn. of the Horizontal scale=..... degree. 
.... vernier divisions coincide with....M. S. divisions. 
1 ver. divn.— ....degree. 
Least count=....degree. 


Readings of Horizontal Scale 
Marked |Marked 


face of|face of Average *A ver- 

Dip the Top of the needle Bottom of the needle| іп age 
circle | needle | deg. | +900 
faces faces 


M. S. Total | M. S. Total 
in deg. Ver. | in deg. | in deg. Ver. [in deg. 


South | South 


North 
North 


South 


flows momentarily through the solenoid. The polarity cannot be forecast. If 
the first attempt magnetises the needle in the wrong sense demagnetise and 
remagnetise. Test the polarity and continue demagnetising and remagnetising 
until the polarity is the right way round. 

* Make this column if needed. 
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(B) Readings for the angle of dip. 
EEE Ee 
Readings of Vertical scale, in degrees 


Marked | Marked 
face of | face of 


Polarity direct, Polarity reversed, 


Mean in deg. 

Dip circle|the needle| End В dipping End 4 dipping —true dig 

faces faces ы а 

Оррег Lower Upper Lower 
end end end end 

East West sss -— >. 43S T 

East East E 334 

West West 3 | | 

| 
West East 


Result. The angle of dip in the laboratory — .. . .degree. 

Precautions. (i) While swinging in a vertical plane, the needle 
often rolls on its axle and is displaced from the centre of the vertical 
circular scale. It is, therefore, advisable to raise frequently the needle 
off the agate edges and lower it again so that the axle may be brought 
back to the centre. (ii) While taking readirigs of the ends of ihe 
needle, avoid parallax error. (iii) The needle should not be touched 
with bare hands. (iv) Never touch the axle of the needle. The 
axle may be cleaned by pressing each end, in turn, intoa piece of a 
pith. The knife-edges may be cleaned by rubbing lightly with pith, 
Be very careful in handling them as the axle and knife edges are both 
brittle. 


ASSOCIATED EXPERIMENTS 


1. Determine the vertical component of the earth’s magnetic field 
in the laboratory, the value of H being given. 


Hint. Perform the above 


experiment and determine the angle 
of dip, (5°). 


Now tanà— Р, where V 


field. 


is the vertical component of the earth’s 


Р V = Н Хап. 
The value of Н is given, so calculate V, in oersteds. 
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2. Determine the true dip in the laboratory by observing apparent 
dips. 

Hint. Set the dip circle in any position (at some angle 0 with the 
meridian) and determine the apparent dip, 519. Again set the dip 


circle at right angles to its former position and determine the apparent 
dip, 5.9. If 8° be the true dip, then 


y y y 
tan8— —, (апбі------ and tané,= 
H + H cos0 " —H sine 
.. cot? =cotS,-+ сої25,. 
From this relation, calculate the true dip. 


MAGNETIC AXISOFAMAGNETISED BODY 


EXPERIMENT 5. Determination of the magnetic axis of a magnetised 
box. 
Apparatus. Magnetised box, brass pins, compass, scale, drawing 
board, wax, and wooden stand and clamp. 


Procedure. (i) Stretch a white sheet of paper on a drawing board 
and fix it in position by wax. By an unspun silk fibre suspend the 
magnetised box so that its plane is horizotal and slightly above the 
middle of the paper. Fix two long brass pins at the middle of both 
the ends of the box by means of wax, so that the pins are vertical in 
the suspended position-of the magnet and are equally projected on 
upper and lower sides of the box (see fig. 5.12 a). 


(Fig. 5.12 a) 5 (Fig. 5.12 b) 


(ii) When the box comes to rest, fix brass pin A and A’ vertically 
on the board so that the pins A and А” and the pins fixed to the box 
appear to be in the same straight line. Mark the positions of А and 
А’ with small circles round them. Remove the pins A and 4’, 

(iii) Turn the box upside down so that the bottom face comes 
to top and again suspend it as before. But the pins attached to the 
box should not be disturbed. Next fix two brass pins Band B’ on 
the board so that the pins B and B’ and the pins fixed to the box 
appear to be in the same straight line. Mark the positions of В and 
В” with small circles round them. Remove the pins В and В’. 
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(iv) Remove the drawing board. Join 4-4' and B-B'. Bisect the 
angle AOB by aline CD. Next bring the board below the suspend- 
ed box so that the straight line BB’ falls just below the pins attached 
tothe box. Mark two points on the box opposite the points C and 
D. The line joining these marks will locate the magnetic axis of the 
magnetised box. k 


Precautions (i) Brass pins should be fixed vertically. (ii) The 
distance between the pin A and the nearest pin attached to the box 
should not be less than 10 ст. Similarly treat for other pins. 


Note. The magnetic moment of the magnetised box can also be 
determined; For this, oscillate the box with a small amplitude and 
find the time period Т by means of a stop-watch. Calculate its 
moment of inertia J about the suspension fibre. From the relation 


ii ae 
T=% / 7, 


calculate М. The value of Н will be supplied. 


ASSOCIATED EXPERIMENT 


1. Determine the magnetic axis of the given short bar magnet hidden 
inside a wooden box and find its moment without the use of a magneto- 
meter. Value of H will be supplied. 


Hint. Perform the experiment as described in expt. 5. 


EXPERIMENT 6. To study the variation of the magnetic field due to a 
circular coil with the distance along the axis. 


Apparatus. Stewart and Gee Tangent galvanometer, rheostat 
(about 5 ohm), ammeter, accumulator, commutator, key and 
connecting wires. 


Description of the apparatus. STEWART AND GEE TANGENT GALVA- 
NOMETER : It consists of a circular coil of few turns wound uniformly 
on a large circular wooden frame, The frame is fixed ina vertical 
plane on a horizontal stand as shown in the figure 5.13. The stand 
carries a deflection magnetometer which can slide on it in such a 
way that the centre of the magnetic needle always lies on the axis of 
the coil. 
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(Fig. 5.13) AL. 2 
- The ends of the coil are connected to two binding terminals fixed 
to the horizontal stand. 


Theory. The intensity of the magnetic field at any point on the 


axis of the coil carrying a current at a distance x from the centre of 
the coil is given by 


IRE 
where r is the radius of the coil, n the number of turns in it, and i 
the current (in e.m.u.) flowing through it. 
If the plane of the coil lies in the magnetic meridian, the field F 
is perpendicular to the earth's horizontal field H, because the field F 
is perpendicular to the plane of the coil. So the arrangement is in 


Tan-A position of Gauss. If the deflection of the needle, placed at a 
distance of x on the axis is 9, then 


F=H tan. 
we On 
Hence F= ear =H tano. 
If i is kept constant, then since z, n and r are constants, 

1 tanücc— — —- 

E (x? Fr?! 

"5 If a graph be plotted between 
the different values of x on 
both sides of the coil and tano" 

1 x (being proportional to F) then 
x o Жы the curve will be of the type 
(Fig. 5.14) 


shown in fig. 5.14. 


Procedure. (i) Connect a rheostat Rh and an аттеег А in series 
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with the circular coil C as in figure 5.15. 


(2 


+ Fay (АЈ 
x d 
(Fig. 5.15) 

(ii) Level the galvanometer in the usual way. 

(ii) Place the deflection magnetometer on the stand so that the 
centre of the magnetic needle is at the centre of the coil. Rotate the 
stand in a horizontal plane till the coil and the needle are in the same 
vertical plane. In this position the coil is in the magnetic meridian. 

Next pass the current through the coil and adjust the rheostat so 
that the deflections of the needle is about 45° Now observe if the 
deflections obtained with direct and reversed currents are equal. If 
the deflections are unequal, rotate the coil till they are equal. This 
brings the coil exactly in the magnetic meridian. 

(iv) By adjusting the rheostat make the deflection equal to 60° 
nearly Read the ammeter and during the experiment this 
value of current should be kept constant. Read both the ends of the 
pointer. Reverse the current and again read both the ends of the 
pointer. The mean of these four readings gives the value of 0 
when x=0. . 

(v) Next shift the magnetometer by 2 cm on the right and find 
mean value of the deflections on passing the current. Read the 
distance of the needle from the centre of the coil as obtained from 
the left-arm scale reading at the centre of the coil. 

(vi) Proceed by gradually increasing the distance by 2 cm and 
repeat process (v) for every such distance, till the deflection is 
reduced to 30°. y 

(vii) Repeat the measurements on the left side of the coil. 

(viii) Plot a graph taking the distance, x in cm, along x-axis and 
tan0 along y-axis. Take the distance (x) on the right side of the coil 
as positive along OX, and distance (x) on the left side of the coil as 
negative along OX’ (see Fig. 5.14). The curve would show the varia- 
tion of the field on both sides of the coil. 
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vations 


Observations 
Enter thus : 
| Needle on right side | Needle on left side 
o. — | | ————— 
Š % | БЕСІ 4 a 
% Direct | Reversed a| Diret Reversed ч 
\ 
Ra AR i 
"$$ жг; © \ \=\& 
S |8 2 В ОпеОшег |One|Other 8 One | Other] One | Ое = 
А |2 & 9 lend| end fend | end |$ end | end | end] end 3 
А8» | | 
MA | -- 
1 | | | 
| 
2 | | 
3 | | 
| | 
4 | | 
| | 
| | 
| | 
| | 
| 
| | 
| 
; | | 
| 
| 
| | 
10 | 


Precautions. (i) The plane of the coil sho 


uld be in the magnetic 
meridian. (ii) The ammeter should be away fr 


(11) The current should be maintained con 
experiment. If necessary, the rheostat should 

Note. The radius of the coil, г, can Бе obt 
experiment. For this purpose, draw a graph tal 
x-axis and х? along the y-axis, which will bea 
cept on the y-axis will be equal to r2 from w 
For, 


om the galvanometer. 
Stant throughout the 
be adjusted. 

ained from the above 
king cot2/3g along the 
Straight line. The inter- 
hich r can be obatained. 


Gros = (== r *) Cot0 


2zn i r2\2/3 
or x= (222 Cot?/29. ri, 


Ш“ 
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ASSOCIATED EXPERIMENTS 


1. Find the magnetic moment of the given bar magnet with the help 
of a tangent galvanometer and an ammeter. 

Hint. (i) For this purpose take a Tangent-galvanometer of the 
Stewart and Gee type. Connect а rheostat Rh and an ammeter 4 in 
Series with the circular coil C as in figure 5.15. 

@) Place the defection magnetometer on the stand so that the 
centre of the magnetic needle is at the centre of the coil and keep 
it there during the whole experiment. Now set up the coil with its 
plane vertical and parallel to the needle (i.e., in the magnetic 
meridian) as described in the above experiment. 

(iii) (а) Now pass the current through the coil and adjust the 
rheostat so that the deflection of the needleis about 60°. Read the 
ammeter. Now place the given bar magnet on the east arm of . 
the magnetometer at such a distance that the deflections are reduced 
to zero. Measure the distance between the centre of the magnet and 
the centre of the needle. 

(b) Turn the bar magnet upside down and adjust its distance for 
null deflection. Again measure the distance between the centre of the 
magnet and the centre of the needle. 

(c) Reverse the cürrent and reverse the pole facing the needle, 
Adjust its distance for null deflection and note down the distance. 

(d) Again turn the bar magnet upside down and adjust its distance 
for null deflection. Note down the distance. 

(c) For the same current repeat the operations (а), (b), (с), and 
(d) by placing the bar magnet on the west arm. 

Take mean of all the eight distances which will give d free from 
the errors. 

Note that the current should be maintained constant for the whole 
operation (iii). If necessary, adjust the rheostat. 

(iv) Decrease the current by instalments to decrease the deflection 
from 60? to 30? and repeat operation (iii). In each case note the 
value of current (iin amps.) and mean distance (d in cm) between 
the centre of the magnet and the centre of the needle. 

Thoery. The intensity of the field Fat the centre of the coil due 
to current i amp. flowing through the coil is given by, 

F- делі р where п=по. of turns in the coil, and 


| 1 r — radius of the coil. 
The intensity of the field F’ due to the bar magnet at the centre 


of the coil in the end-on position of the magnet is given by, 
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F- 2Md 
[CEST] 
where M — magnetic moment of the bar-magnet, 
1 semi-magnetic length, and 
d = distance between the centre of the magnet and the centre 
of the needle. 


For null deflection, F—F', 


ór 2nni _ 2Md 
"Jor 04-1) 
Hence ме ЧЁ 


JOr Ва. 
Knowing п, г, l, i and d the magnetic moment M can be calculated. 
Note. If the Stewart and Gee tangent galvanometer is not avail- 
able, a horizontal board or a scale may be placed along east (and 
west) of the ordinary tangent galvanometer at the same height as 
that of the needle. The bar magnet must be placed along the axis 
of the coil to nullify the deflections. 
Tabulate the observations thus— 
Radius of the coil, r=.. ..cm. 
No. of turns, n=.... 
Semi-magnetic length, /=....cm. 
SS О О 


Distance of the magnet 


E 
— теқ o 
и. 
East агт West arm 8 
Е 
Oth ther pole | 5 
a One pole ther pole Other pole |в 
2 у 5 One pole z 
Е в facing facing the nd facing the = 5 
= Е the needle (when m needle (when $ |3 
Я | Б | needle Current 15 e currentis Е | В | 2 
BIT 7 needle 5 .8 
СА ба деле жен versed) | reversed) d Н а 
«а | П 
Е 8 | Расе | Басе | Face Басе Басе Басе Ға F. 8 В 8 
= u race ‘асе to 
21/8 р |down| up down | up down UB iow 2 Е 3 
| | 
М ЖЫ 
| 
| | 
| 
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2. Use à bar magnet to nullify the deflections in a tangent galvano- 
meter due to currents flowing through its coi! and hence find its magnetic 
moment. 

Hint. If the ammeter is given, this expt. is similar to the expt. 
described in Ex. 1. So proceed as explained in Ex. 1. 

If the ammeter is not given, first determine the value of current 
(7) in amp by noting the deflections from the formula given below, 

10" H 


tang. 
2x n 


i= 


Knowing r, п and H (the horizontal component of earth's field), 
i can be calculated for different values of 0. 

Now nullify each deflection as described in Ex. 1. Hence calculate 
the magnetic moment, M. 


EXPERIMENT 7. To study the variation of the magnetic moment of the 
given straight electromagnet with the current flowing 
through the coil. 

Apparatus. Deflection magnetometer, a. solenoid, iron rod (about 
50 cm long and 1 to 2 mm in diameter), a compensating Solenoid, 
accumulator (one or two), an ammeter, a commutator, a key, a rheo- 
stat, and connecting wires. 

Description of the apparatus. SOLENOID : It is a spiral of wire 
having many turns wound uniformly and close together on a glass 
tube (preferably about 40 cm long and of | cm external diameter for 
this expt ). Both the ends of the tube are covered with cork having 
bores so that the iron rod can be fixed inside the tube along its axis. 

Theory. When a current, i amp., flows through the solenoid, the 
field inside the coil is given by ^ 

4n пі 

blocs а 

where n is the number of turns per ст of the solenoid. If now an 

iron rod is placed inside the solenoid, it will be magnetised by the 
magnetic field due to current and the system forms an electromagnet. 

If the straight electromagnet is placed along the axis of the 
deflection magnetometer arranged in Tan-A position of Gauss, then 
for deflection 0 of the needle, 


Gon Н tano, 


or wn 102-12) 
аады H tan9, 


366 А TEXT BOOK OF PRACTICAL PHYSICS 


where M is the magnetic moment 


tance of the centre of the rod 
from the needle, 2/ the length of 
the rod, and H the horizontal 
component of the earth’s field. 

The value of M changes as 
the current changes. Ifa graph 
be plotted between different values 
of M and the current, then the 
curve will be of the type shown in 

(Fig. 5.16) Fig. 5.16. 

Procedure. (i) Set the deflection magnetometer in Tan-A position 
of Gauss as explained earlier. 

(ii) Place the solenoid B, on the west arm along the axis of the 
magnetometer with its near end about 15cm from the needle. Also 
place the compensating solenoid C, on the east arm along the axis of 
the magnetometer. Place the iron rod inside the solenoid В and if it is 
exactly along the axis, the deflection of the needle will not be affected. 
If there is deflection, adjust it so that there is no deflection. 

(iii) Take out the iron rod. Connect the two solenoids in series 
and then arrange the circuit as shown in the Fig. 5.17. 


M,in weber-em .——- 


o 


i, in amp. —- X 


Rh 


(Fig. 5.17) 


Insert the К А қ 
И as adjust the position of the compensating solenoid 
by rheostat) up to th eflection of the needle Гог any current (adjusted 
р to the maximum Current. Now the positions of B and 


of the electromagnet, d the dis-. 


Шые “быш 
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C should be kept fixed during the whole experiment. Remove the key. 

(iv) Demagnetise the iron rod by hammering and place it inside 
the solenoid B, as before. Keeping the resistance maximum in the 
rheostat, insert the key. Now adjust the rheostat so that the deflec- 
tion of the needle is about 30°. Notedown the ammeter reading. 
Read both the ends of the pointer. Reverse the current and again read 
both the ends of the pointer. Take the mean of these four deflections. 

(v) Increase the current so that the deflection is increased by 
about 5°. Note down the current (i) and mean deflection (6). 

(vi) In this way, go on increasing the current till the deflection is 
about 60°. In each case, note down the current (i) and the mean 
deflection (6). 

(vii) Determine d, the distance of the centre of the iron rod from 
the needle. It is the mean of the readings of the ends of the rod. 
Also the length (2/) of the rod will be given by the difference between 
these two readings. 

(viii) Plot a graph taking current i, in amp. along x-axis and the 
magnetic moment M, in weber-cm, along y-axis. The resulting 
curve will be of the type shown in Fig 5.16. The curve would show 
the variation of the magnetic moment with the current. 


Observations and Calculations 


Enter thus : 
РАТ oersteds, а 2.06 ст, ОЛЕ... сш. 
Коела ле ты ны лнн ш мел et 
| 
Deflection 0, in degrees Magnetic 
No. |Current moment, 
of i Direct Reversed Таре | M= E0} 
: 2d 
obs. |in amp. Mean 0 Н tan in 
E-End | W-End | E-End | W-End weber-cm 
ЕР ee - 
1 | | 
2 
3 
10 
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Precautions. (i) Do not decrease the current at any stage, nor 
switch it off (until the experiment is finished). (ii) The ammeter 
should be away from the deflection magnetometer. 


EXPERIMENT 8. To draw the /— Н curve by Magnetometer for the given 
specimen. 


Apparatus. А mirror magnetometer, a solenoid, a circular coil, а 
commutator, an ammeter, a rheostat, a plug key, and an accu- 
mulator. 

Descriptons of special apparatus. (1) MIRROR MAGNETOMETER : This 
База concave or plane mirror of circular shape of about 1 cm 
diameter. A magnetic needle is attached to the back of this mirror 
horizontally. The mirror is suspended from a torsion head. The whole 
arrangement is housed in metallic box like the one with а suspended 
galvanometer. A lamp and scale arrangement of exactly the same type 
asin a suspended coil galvanometer is used to note the deflection 
of the magnetic needle of the magnetometer on a linear scale placed 
at a distance of about one metre from the magnetometer needle. 

(ii) SOLENOID : This is made by closely wounding copper wire of 
about 1 mm diameter, wrapped with cotton thread, on the outer 
surface of a glass or card-board tube of about 50 cm to one metre 
length and about 2 cm diameter. The coil is energised by a d.c, 
current. The specimen rod to be magnetised is suspended inside 
this solenoid. 

(iii) CIRCULAR соп, : This is made over а ring of wood, having 
internal and external diameters of about 20 cm and 23 cm respectively, 

by wounding copper wire of about 1 mm diameter, wrapped with 
cotton thread, in the groove over the external circumference of the 
ring. This coil is energised by the same current which energises the 
solenoid. 


Theory. If а be the cross-sectional агеа оѓ the specimen of the 
iron rod, and Г be the intensity of magnetisation of the rod, the 
pole strength at each end of the rod is 14. 

The magnetic force-field at the magnetometer needle M due to the 
Pole 4 of the rod (Fig. 5.18) is шін, where dis the distance of the 
TU 
pole from the needle, The magnetic force field at the pole В of the rod 


is — Ша 2 3 
% не) where / is the magnetic length of the rod. The hor! 
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Iad 
EU The resultant 


4n(d2-+12)2 
d 
ыла... This is made 
4x |d* (d24-12)3 
to be at right angles to the intensity of the controlling field, f of the 
earth. The deflection of the magnetic needle 0 is then given by the 


tangent law, 


zontal component of this force-field is — 


horizontal force-field at M is 


ша ) 1 а 
2) —————, =н f tane 
4т E = Ho f tan 
so that 1-3. e (i il Am? ., (1). 
(d?--12)2 


If the specimen is quite long, the term d/(d?+ ву? тау be neglec- 
ted, but preferably it may be calculated by taking / to be three-fourth 
of the length of the rod. 

If the solenoid is disconnected from the circular coil (fig. 5.18), 
then if due to a current i in the circular coil the deflection of the 
magnetometer be 0,; then by the tangent law 


uo паз 
Fo. 


E g t 
4n (аз--хау? Ho ftant, 
Ae 
ог” f= тан со10, Am-1 br (2), 
4n(a*- x?)3 


where п — no. of turns in the circular coil, a—its mean radius, and x 
isthe distance of the centre of the coil from the magnetometer 
needle. 

f may be calculated from equation (2), and then bring this fin 
equation (1) 7 may be calculated by observing 0. 

If n' be the number of turns per metre of the solenoid, the magne- 
tising field intensity of the solenoid is 

H=n'i Am 5% (3). 

Н may be calculated іп terms of the magnetising current і. 

Thus it is possible to get values of J for the specimen for different 
values of H and hence plot a curve with 1 against H. This turns out 
to be a loop the area of which is a measure of the excess of work done 
on the material over that done by it per unit volume per cycle of 
magnetisation. 

We find that with f. a, d and Z in the equation fixed, octano, and 
if 0 does not exceed 10°, then withinan error of less than 195 drum 
so that Г œ Ө. Also by the equation (3) Hoci. Hence the plot of 
p. РНУ.-24 | 
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deflection against the magnetising current will represent the I—H 
curve. 


PEt (TD) 


(TR 


Solenoid 


(Fig. 5.18) 


Procedure. (i) Arrange the mirror magnetometer on a high stand 
and the lamp and scale arrangement on a table. 

(ii) Arrange the solenoid vertically at a distance of about 1 to 2 
metres from the magnetometer M by clamping it to a wooden clamp 
placed over a high stand such that its top end is a little above the 
needle of M, and also keep its whole length in the vertical equitorial 
plane of needle (a plane perpendicular to the magnetic meridian), as 
far as practical. 

(iii) Arrange a cirular coil C vertically by clamping it with a 
wooden clamp over a high stand such that its plane is parallel to the 
magnetic meridian and its centre is nearly as high above the floor as 
is the height of the magnetometer needle. Connect this coil in series 
with the coil of the solenoid. 

(iv) Connect the free end of the coil C and the free end of the coil 
of the solenoid to a circuit containing a commutator, ammeter, 
battery, plug key, and rheostat in series as shown in the diagram. 

(v) Heat the specimen rod in fire and then lightly hammer it at 
different places over its length to demagnetise it. 


(vi) Measure the length L of the specimen rod of iron with the belp 


of a metre scale, and also measure the diameter of the specimen at ten: 


places by taking direct and cross readings at every place with a screw 
gauge. 

(vii) Without putting the specimen rod in the solenoid, pass 
electric current in the coil of the solenoid and hence in the coil C. 
Adjust the distance of the coil C until the deflection of the magneto- 
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meter needle becomes zero. Thus the magnetic force-field of the coil 
С neutralises the magnetic force-field of the solenoid at М. 


(viii) Now suspend the specimen rod in the solenoid such that 
its upper end is above the centre of the needle M by about 1 of its 
length. 


(ix) Switch on the circuit with maximum resistance in the rheostat 
and hence with minimum current in the winding of the solenoid 
which will be read from the ammeter. Note the deflection of the 
spot of light over the scale of the lamp and scale arrangement. 


(x) Go on increasing the current in steps taking the ammeter 
reading for the current and keep on noting the corresponding 
reading of the deflection’ of М until a situation is reached when 
the deflection changes insignificantly with the increase of current. 


(xi) Now decrease the current in steps finally to zero and keep 
on noting the corresponding deflection of M. 


(xii) Now reverse the direction of current with the help of the 
commutator to make negative in sign and again go on increasing the 
current in steps taking the ammeter reading (always give a negative 
sign to it) for the current and keep on noting the corresponding 
reading of deflection until a situation is again reached when the 
deflection changes insignificantly with increase of the reversed 
current. Use a negative in the readings of the deflections in reversed 
direction. 


(xiii) Now decrease this reversed current in steps finally to zero 
and keep on noting the eorresponding deflection of M. 


(xiv) Again reverse the direction of current with the help of the 
commutator and go on increasing the current in Steps and keep on 
noting the corresponding reading of deflection of M until the 
deflection changes insignificantly with the increase of current. This 
brings you to tbe end of one hysteresis cycle. 


(xv) Plot the deflection of the light spot as recorded on the scale 
of the lamp and scale arrangement against the magnetising current. 
The resulting curve represents the J-H curve within a reasonable 
limit of-accuracy as discussed in the theory. Also as detailed in 
theory values of J and Н can be calculated if the actual I-H curve is 
required from which the hysteresisloss per cycle рег unit volume 
may also be determined. 
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Observations 


(ii).... 
(iii). . 
иене а ТЕТІ са: киз 
Diameter of the specimen rod (if needed)— 
Vernier 

No. of Main scale nel У. C. Total 
obs. | reading (M. S) | C | V eo | xL. C. (M.S-- V.C. X L.C) 

1D 

1С 

2D 

2c 

10D 

10C 


Mean diameter — 


Area of the cross-section = 


Readings for magnetometer deflection and magnetising current— 


------------------------------------------- 
No. of 


Reading of ammeter Reading of magnetometer 
obsv. (iin ampere) deflection 


Calculation for f (if needed)— 


For such an auxiliary experiment has to be done as indicated in 


the theory in which only the circular coil C (not the solenoid) will 


be in the circuit and the specimen rod will be out, 


Hemos Д dn. | Меап-....,Х- 
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No, of Current | Deflection cot 0 f Mean f 
observations iy 0, 1 
1 
2 
| 
р | 


i, 


Calculation of H (if needed)— 


ГЕ АЕР 


No. of observations jin amp. Hin Am} 


Calculation of I (if needed)— 


4т/ Itl d = 
“а / ld (deg "e 


The distance between the magnetometer needle and the scale 


=D=....(if needed) 
он 
No. of deflection 
observations H Am™ ө 1_ spot чей. tan 0 ТАт-1 
2 р | 
1 
2 
3 
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Results and Calculations 


If the aim of the experiment 
is to be limited to obtain 
just the nature of the I-H 
curve of the specimen, it 
will suffice to plot the 
Spot deflection against the 


spot deflection 


magnetsing magnetising current to 
current obtain а curve as shown in 
жы О кт 


If the actual 7-Н curve has 
to be necessarily obtained J 


ы has to be plotted against H аз 
(Erg: 3419) shown in Fig. 5.20. 
The value OD on the scale of H=.... =the coersive force for 


the specimen. 


The value of the residual 
magnetism on the J scale 


=the residual magnetism 

for the specimen. 

Value of one small square 
оп the graph paper on the 
Н and J scales=..., =a, 

The number of small 

"Squares within the loop 
BDEGB-....—b. 

Area of the loop . 

=axb=....Joule рег cycle 


per cubic metre 
= Excess of the work done on the material over that done by it 


(Fig. 5.20) 


per unit volume per cycle of magnetisation, 


Discussion. 1. The demagnetisation effect on the specimen 


needs to be taken into account. 


Due to the demagnetisation effect the correct value of H 


—observed value of H — NI where N is a constant for the specimen 
whose value depends upon its length to diameter ratio of the 
specimen. For a specimen of iron of length to diameter ratio equal 


tol 


00, N— 0:0054. Thus the correction H due to the demagnetisation 


effect may not be significant. 


MAGNETISM 375 


2. The specimen is magnetised to some extent even in the 
absence of any magnetising current in the solenoid. This is due to 
the vertical component of the earth’s field. To eliminate this 
disturbance a second coil may be wound over the solenoid and a 
current through it may be adjusted until, with the demagnetised 
specimen in the solenoid and with no solenoidal current, the 
deflection of the magnetometer becomes zero. 

3. When 0=10°=0:175 radian, and tanl0°=0°176. Hence, 
within an error of less then 1%, we may assume tan0—0. As 
the mirror is rotated by 10°, the reflected beam is rotated by 20°. 
So for a mirror at a distance of | metre from a scale, the deflection 
of the spot of a reflected beam = 36:4 cm which is sufficient to 
conduct the experiment. Hence, the distance d of M from the sole- 
noid may be chosen to give a deflection of the spot up to 35 ст 
over а scale placed at over | metre from M for the saturation value 
of I. Then tan0 may be safely approximated to 0. 


4. The suspension thread of the magnetometer needle is twisted 
by its deflection, providing an extra controlling torque. To 
eliminate this torque the whole magnetometer box has to be rotated 
to bring the deflection reading to that which was obtained in the 
presence of the deflecting force. Thus rotation of the body of 
instrument gives the required reading. However, this may not be 
necessary for a suitably chosen suspension thread for which the 


couple per unit twist is small enough to be neglected. 


ooo 


6. ELECTRICITY 


SOME ELECTRICAL EQUIPMENTS AND 
INSTRUMENTS 


1. Four-way and two-way Keys 


A four-way key con- 


P к, sists of four blocks, of 
© ¢ P K, metal P, О, R, S fixed 
(9 «X over an ebonite board. 

T Another block of metal 

о Kz [е] K2 T in front of these for- 
(o | © ming four keys Ki, Ke, 
K, and К. such that 

R K when К, is closed, 


m 
Se Connection between P 
[© sien and Т is obtained while 
Ky, Ку and Ка remain 

5 Ка | disconnected. Similarly, 
© ( when Kg is closed Kj, 


K, and К. remain dis- 
(Fig. 6.1) 4 connected, and so оп. 
Thus this type of key 
permits one of the four terminals to be connected to a common 
terminal. 
A two-way key is like a four-way key with two keys only. 
2. Tapping Key 


It consists of a metal spring arranged over an ebonite base having 


(Fig. 6.2) 


а metal point which whea pressed from above makes contact with 
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another metal point which can be connected to a wire by a screw. The 

spring may be connected to a wire with the help of the screw atta- 

-ched to it. On pressing the spring downwards contact is made to 

close a circuit. When the pressure is released the circuit is broken. 
3. Standard Cadmium Cell 


It is a chemical cell having an e. m. f. of 1`0183 volts at 20°С. At 

any other temperature its е. m.f. is given by 
Е,- [10183 —4-06 x 10-8 (t—20)] volts. 

Its internal resistance is of the order 
of 9002. The special features of this cell 
are its low temperature coefficient, long 
life, and capability of quick recovery 
in case a large current is accidentally 
drawn from it. However, it must be 
remembered that the cel] should be used 
in as nearly an open circuit condition as 
possible to enable it to provide a standard (Fig. 6.3) 
reference voltage for a long time. А 
current of more than 10-6 ampere must never be drawn from this cell. 

The cell is made of an H-shaped glass vessel containing mercury 
(С), a paste of mercurous sulphate, cadmium sulphate and mercury 
D) and cadmium sulphate crystals (E) on its positive polarity side. 
On its negative polarity side is placed amalgam of mercury and cad- 
mium (4) and cadmium sulphate crystals (B). А saturated solu- 
tion of cadmium sulphate is the electrolyte of the cell which connects 
the two limbs of the vessel. The mercurous sulphate in tne paste of 
the limb having positive polarity is the depolariser in the cell. 

4. Lead Accumulator (Storage Cell) 

This consists of a set of 
positive potential plates of 
leadperoxide and a set of nega- 
tive potential plates of spongy 
lead, both in the form of grids. 
The electrodes are placed in PbO. 
dil. H4SO, of Sp. ег.1:2. When ы 
fully charged the e.m. f. of 
the accumulator is about 2:2 
volts. However, it gives an Spongy lead 
e.m.f. of about 2 volts to a cir- (Fig. 6.4) 
cuitfor quite along time. It 
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needs recharging after its e. m. f. falls to 1:9. The specific gravity of 
a discharged accumulator falls below 1°18. 

Asa lead accumulator has a very low internal resistance of the 
order of 0:0001 ohm, a very high current will be drawn from it if it 
is short-circuited. This may even damage the cell permanently. 


5. Standard Low Resistance 


In a standard low resistance 
there is a wavy plate of manga- 
nin having terminals C—C at its 
ends. These terminals are known as 
the current terminals. Two special 
points ab on the plate are connec- 
ted to two other terminals P—P. 
These terminals are called the 
voltage terminals. The value of the 
standard resistance is written by 
the side of the plate. 


6. Dial Pattern Resistance Box 


The box of a dial pattern resis- 
tance is usually made up of ebonite, 
There are several pegs of brass on 
the box arranged at equal distances, 
Between the pegs resistance coils of 
gradually increasing values are con- 
nected in series (see figure). The 
first terminal T, is the free end of 
these resistances connected j in series. 
There is another terminal T, which 
is connected to a rOtary arm at the 
middle of the box. The гоїагу arm 
Carries a spring and its free end 
presses against the brass pegs, The 
resistance between terminals T, and 
Т, depends upon the position of the 
rotary arm. The value of the resis- 
tance written near the peg at which 
the rotary arm rests is the resistance 
between the terminals T, and Т.. 
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7. Moving Coil Galvanometer 


A moving coil galvanometer normally used in Physics Laborato- 
ries consists of a light weight rectangular coil wound on a light 
conducting frame and suspended by a phos- 
phor strip and held from beneath by a fine 
spiral between the concave pole of a perma- 
nent horse-shoe magnet. Thereis a cylin- 
drical soft iron core in the middle of the coil 
to make the field of the magnet radial. The | 
current enters the galvanometer coil through Sa Ы zi 
the fibre suspending the coil and leaves the г 
coil through the spiral holding the coil at its 2- 
other end. The upper end of the suspension 8 
is connected to the torsion head of the instru- PER 
ment and the lower end of the spiral holding 
the coil is fixed to hold the coil in position. 

When an electric current flows through the coil, the coil experi- 
ences a deflecting couple due to the action of the magnetic field on the 
current. When this couple is counterbalanced by the opposing couple 
due to the torsion of the suspension and the spiral, the coil comes to 
rest. There is a small concave mirror attached to the suspension so 
that the rotation of the coil may be noted by the use of a lamp and 
scale arrangement of the type described below. 

8. Lamp and Scale Arrangement 


This consists of a hori- 
zontal milli-metre scale 5 
marked overalongnarrow 
plate of ground glass, and 
an electric lamp. The 
scale is mounted horizon- i 
tally over a vertical stand 
and its height can be ad- 
justed. The lamp consists 
of a 4 volt electric bulb 
arranged inside a metal 
tube. Another metal . ; 
tube with а con- (Ғір. 6.9) 
verging lens fitted to it Д 
is pushed inside this tube. А fine thread is stretched іп 
front of the lens so that light after passing through the lens falls 
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over the concave mirror attached to the suspension of the galva- 
nometer and forms the image of the thread on the scale. The image 
is focussed by moving the lens of the lamp unit in or out, and by ad- 
justing the position of the lamp and scale with respect to the galvano- 
meter. The scale and the lamp are usually mounted on the same 
stand. The filament of the bulb ofthe lamp unit is fed from a battery 
of 4 volts or by a 220 to 4 volts Step down transformer. Sometimes 
the scale, the lamp, and the transformer are assembled as а com- 
pact single unit. 


9. Low Resistance and High Resistance Galvanometers 


А lowresistance galvanometer is used to detect and measure rela- 
tively large current and low potential differences, while a high 
resistance galvanometer is used to detect and measure relatively 
weak current and large potential differences. 

As a high resistance galvanometer has a large number of turns, 
even a small current through it would produce а large deflection of 
the coil. Thus a high resistance galvanometer is current-sensitive. 
A low resistance galvanometer has a smaller number of turns and 
even a small potential difference applied to these turns causes а large 
current to flow through the coil due to which a large deflection of the 
coil is obtained. Thus this type of galvanometer is voltage-sensitive. 

10. Ballistic Galvanometer of Moving Coil Type 


A ballistic galvanometer measures the quantity of charge which 
passes through its coil while a current flows through it for a very 
short time. The moving coil type of ballistic galvanometer is similar 
in construction to a high resistance current-measu 
galvanometer except that the coil is wound ona lig 
When a charge q passes momentarily through the c. 
meter, a throw 0 of the coil is noticed. q and 0 
relation, 

q= kð, where k is a constant. After the first throw, the coil keeps 
on executing torsional oscillations, but the amplitude of the throw 
gradually diminishes due to damping effect on the Coil. 

Sometimes, there are three terminals on the body of a 
Ballistic Galvanometer with a metal strip attached to the second 
terminal which can be linked to the third terminal. It is also 
"written on the body of the instrument that if the third terminal is 
linked to the second, the galvanometer becomes ‘aperiodic’. An aperi- 
өдіс galvanometer is a ‘head beat’ type galvanometer whose moving 


ting moving coil 
ht wooden frame. 
oil of the galvano- 
are related by the 


° 


————— ! __ 
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part comes to rest immediately after the current through the coil 
ceases. 


The link when connected to the third terminal puts up a resistance 
parallel to the coil of the galvanometer Thus the electromagnetic 
damping current flowing through the closed circuit of the coil and the 
resistance due to the motion of the coil opposes the motion of the 
coil and brings it to rest soon after the main current through the coil 
is cut off. 


The coil of a ballistic galvanometer when short circuited by an 
external short circuiting 


fol 
key quickly comes to rest a „да айкы tds 
on account of the electro- | кайер. 21 
magnetic damping current 2 
induced in thecoil, oppos- Алла Manni ФЕ) 
ing the movement of the Restedance “Link 
coil. (Fig 6.10) 


EXPERIMENT 1. To measure the wattage and the resistance of an electric 
lamp carrying different currents. 

Apparatus. A 220 V electric bulb of 25 watts, ап А. С. ammeter 
of 0—250 mA range, an А. C. voltmeter of 0—250 V range, a bulb 
holder, a switch and à rheostat of about 500 © and more than 
250 mA rating. \ 

Theory. If V be the potential difference measured across the 
bulb when a current J flows through its filament, the wattage of the 
lamp will be W —VIand the resistance R of the filament will be given 
by R=V/I. 

Currents of different strengths will heat the filament by different. 


Switch 


р To mains. 


e (220V.) 


Rheostat 


(Fig. 6.11) 
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amounts. As the resistance of a wire increases with the increase of 
temperature, the resistance of the electric lamp would increase with 
the increase of current flowing through it. 

Procedure. (i) Make connections of the different apparatuses as 
shown in the circuit diagram. 

(ii) Keep the resistance of the rheostat in the circuit at its maxi- 
mum value first and note the voltage V across the bulb from the volt- 
meter. Also note the reading of the current in the milliammeter. 

(iii) Slowly increase the current in the circuit by moving the slid- 
ing contact of the rheostat and go on reading the voltmeter and 
milliammeter. Take at least ten-such readings. 


(iv) Calculate the wattage and the resistance of the electric lamp 
corresponding to every value of the current flowing through it. 


^ 


Observations 
= ye 0 
Readi f Readi f E) 
No. of сасе; Sending o Current in ЕС R 
8 voltmeter milliammeter zz о 
observations (V) (mA) Ampere (7) S © о 
5 1 150 148 0:148 22°2 | 1013:5 
3 | 
10 ! 
Ей | 


Graph. Plot a graph with current оп x-axis, and resistance on 
y-axis. 

Conclusion. Draw your conclusion about the 
with current from the graph. The resistance 
lamp will be found to increase with the increa: 
it. Ifa carbon filament lamp is available fo: 
found that its resistance decreases as the cur: 

«With the increase of R with Г, W will be fou 


Note. (i) The experiment ma 


variation of resistance 
of a tungsten filament 
se of current through 
T experiment, it will be 
rent through it increases. 
04 to increase with J. 


y be performed by using a 6 volt 
accumulator battery as the source of current, a d.c. ammeter and a 


d.c. voltmeter. The circuit diagram will remain the same 
(i) Take care not to touch any bare 


= part of the circuit when an 
А. С. main is used. Careless touching wi 


ll give a shock. 


x 
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ASSOCIATED EXPERIMENTS 
1. To determine the wattage of an electric bulb. 


Hint. As wattage,. W=V XI, its value may be determined as 
in Expt. No. 1 by noting the voltmeter and milliammeter readings as 
the current through the bulb is increased. 


EXPERIMENT 2. To determiue the temperature coefficient of resistance 
of a wire. 


Apparatus. А thermometer reading up to 250°С, a resistance wire 
doubly wound over a mica plate and placed in a hard glass test tube, 
meter bridge, a cell, rheostat, suspended coil galvanometer with lamp 
and scale arrangement, oil bath, and a resistance box containing 


respectively, and а be the temperature coefficient of resistance of the 
wire over this range of temperature, then very approximately, 


Ви = Во (1+at). . 


Let the resistance of the wire measured at [°С be Кү, and Rs be 


the'resistance measured at tC. Then, 
Ri - Ко (L9), and Ri, 2 R, (1+а,), 


units and fractional resistances. 
Theory. If Ry and R; be the resistance of a wire at 0°C and 1°C 


Test tube 


(Fig. 6.12) 
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so that е өе l tat, Ё 
К leat 


Ri,— К, 
and hence pos e 
Ris — Ry ty 
Procedure. (i) Arrange an oil bath over a tripod stand and 
immerse the test tube enclosing the resistance coilin the bath. Also 
immerse a thermometer inside the bath to read its temperature, and 
a stirrer to stir the oil. 


(ii) Make the circuit with the apparatus assembled according to 
the circuit diagram given above. 


(іі) Keep the jockey J at the middle point of the meter-bridge 
wire and adjust the resistance in the resistance box P until the deflec- 
tion inthe galvanometer is minimum. Now adjust the position of 
the jockey to find the balance point. Interchange the resistance box 
and the coil and determine the balance points again. 


mr Note th 
temperature of the bath. (This is the first temperature. ) F 


(iv) Now heat the oil of the bath stirring it with a stirrer until its 
temperature rises by about 55° above the first temperature as recorded 
above. Remove the burner and keep on stirring the oil. When the 
temperature is just 50° above the first temperature, find the balance 
point over the bridge wire. (Note—Keep on looking for the balance 
point while the desired temperature is being reached.) Now inter- 
change the resistance box and the coil. Raise the temperature of 
the bath again by about 55° above the first temperature. Remove 
the burner and Keep on stirring the oil. When the temperature is 
just 50° above the first temperature again find the balance point. 


(v) Repeat the above process of determination of balance points 
at temperature intervals of 50° for at least three temperatures aboy 
the first temperature recorded. Е 


(vi) Calculate the resistance of the coil at all the temperatu, 
З res, 
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Observations 
е — _—_ — _———— 
| Position of the : | м 
No. Тешре- resistance Balance point Resis- Ree 
of | rature tance | tance 
obs. | (°С) і | (100--/) ia шо 
| Unknown | Known |(/ori’)! ог (R) 
| (100—1) 
1х= |G) Left | Right A TENET eO | 
(ii) Right| Left =R, |— 
| = к A 
2 x4-50 | (i) Left | Right =, | 
(ii) Right | Left 
ТТТ Т” | 
rus 3 =R, |— 
| в 
150 мда 
4 х- ШУ” 
————————— 
Calculation. | 
Ез— К. 
Value of о (set А) - а ж 
( ) R(x + 100) — Rsx 
—R 
Value of a (set B)— Ra —Ra И 
( ) Ra (x + 150)— К, (x +50) 
Mean @=............ 


Graph. Draw a graph with tem- 
perature on x-axis, and resistance 
on y-axis. This will be a straight 
line. The slope of this line will 
be Roa, and its intercept оп 
y-axis will be Ка, if the origin of 
the graph is taken at t—0 and 
R=0. From the values of R, 
and Rox obtained from the graph (Fig. 6.13) 
о can be calculated. 


Note. (i) Take care to protect the galvanometer by using a shunt 
Across it. 

(ii) The accuracy in determination of the resistance of the coil 
will improve if end-corrections are made for the length of the meter- 
T. B. P. P.-25 
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bridge wire. Hence the end-corrections 4, and 2 for the meter- 
bridge wire P should be first determined following procedure dis- 
cussed in Expt. No. 11. Then, R should be calculated from the 
relation, 


ee ee 
R= 100—7); 


_ (100=h)+%2 „р, 
l+ 


(iii) The experiment can be also performed with a Carey Foster 
Bridge, as discussed under the experiment “То construct a one ohm 
со”. 


ExPERIMENT 3. To determine the Reduction factor of a tangent gal- 
3 vanometer using a copper voltameter. 


Apparatus. Tangent galvanometer, copper voltameter, ammeter 
(0—1 ampere range), rheostat, commutator, plug key, accumulators 
(two, each of 2 volts), stop watch, physical balance, and weight box. 

Theory. The deflection 0 of the-tangent galvanometer needle due 
to flow of a current of C ampere is given by 

C=K tan 0, 55 D) 
where K— the reduction factor of the tangent galvanometer, and 
obviously it is the current for 45? deflection. 

If this current flows through a copper voltameter for t seconds, 
and if during this time W kg of copper is deposited over the cathode 
of the voltameter, then 


W= CZt, where Z= Electro-chemical equivalent of copper in kg/ 
Coulomb. «+, (2) 


From equations (1) and (2), 


А Ww 4 
К рва SUP. 3949) 
Hence if W, Z, t and 0 are known, K can be calculated. 
Procedure. (i) Make circuit connections as shown in the circuit 
diagram fig. 6.14. 


(ii) Now level the needle box of the galvanometer with the help 
of a spirit level, and rotate the coil of the galvanometer to make it 
parallel to the magnetic needle in the needle box. Keeping the coil 
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now fixed to this position, rotate the needle box until the ends of the 
pointer attached to the magnetic needle become parallel to the 
0—0 mark. 


Voltameter 
(Fig. 6.14) 


(iii) Now take out the cathode plate of the voltameter, and clean 
it properly by rubbing it gently with zero paper. Dip it in dil. HNO, 
and then wash it with clean water and distilled water. Dry the plate, 
and then weigh it. 


(iv) Take a plate (dummy cathode) of the same type as the cathode, 
and insert it inside the voltameter to dip Из surface upto about 30 Sq. 
cm inside the copper sulphate solution of the voltameter. Plug in 
the key to complete the circuit and adjust the rheostat to get a 
reading of current of about $ ampere in the ammeter. Make sure 
that this current gives a deflection of the tangent galvanometer 
reading between 30? and 60? only. 


(v) Now take the plug out of the key to break circuit. 
Remove the dummy cathode, and place the real clean cathode in its 
position. Plug in the key and start the stop watch simultaneously. 
Read the deflection of the pointer of the galvanometer needle in both 
quadrants. Keep on recording the readings of the pointer at intervals 
of 5 minutes alternately in the direct and reversed positions of the 
commutator. 

(уі) Take the key out to stop the current when it has flown 
through the circuit for exactly 30 minutes as read from the stop 
watch. 


(vii) Now take out the cathode plate and clean it with distilled 
water. Then dry it by pressing it gently between the folds of blott- 
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ing paper. Also gently blow dry air over it to dry it completely. 
After that take the weight of the plate. 


Observations 
Direct current Reversed current a 
чә 8 8 
Reading of | Reading of | Time іп | Reading of | Reading of | 5 8 
one end other end | Minutes | oneend | otherend | à S 
Time in of the of the of the of the | 37 
minutes pointer pointer _ Pointer _ pointer g 
in degrees in degrees in degrees | in degrees E 
5 5 
10 15 
20 25 
30 ай 


Time of current flow, t= 30 minutes— 1800 seconds. 
Weight of cathode plate before copper deposition=... .8m= W, 


Weight of cathode plate after copper deposition=..., gm- И, 
Weight of copper deposited= W;—W, —W = ....gm. 
Calculations. 


Electro-chemical equivalent of copper 
Z=329 x 107? kg/Coulomb 


una es misto: amp. 
Br 4 $ 

Further, K= um? г radius of the coil=....m. 
0 


n=number of turns of the coil=.... 
B= horizontal component of earth's field=....Tesla, 
and uy 41x 10-7 H/m. 
2. By direct calculation, 
K-....amp. 
Note. (1) It can be shown that when the deflection of the tangent 
galvanometer needle is 45°, the percentage error in value of current 
determined will be minimum for an error in reading the deflection of 


Қайы» ЧИН 
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the needle. Hence, efforts should be made in this experiment to adjust 
the current to get a deflection of 45° of the galvanometer needle. 

(ii) The galvanometer deflection may be poor if the amount of 
solution in the voltameter is insufficient, and if the total e.m.f. of the 
accumulators is inadequate. Hence to have sufficient deflection of 
the galvanometer more solution may be added and the number of 
accumulators may also be increased. 

(11) Proper setting of the galvanometer coil in the magnetic meri- 
dian is very important. Any deviation from the proper setting will 


result in large difference in deflection of the galvanometer when 
current through it is reversed. 


(iv) The use of Pohl type of commutator is recommended as this 
will provide the case of quick change of the direction of current. 


ASSOCIATED EXPERIMENTS 


1. To use a copper voltameter to find the mean diameter of the 


coils of the tangent galvanometer. (The value of В will be supplied, but 


no ammeter will be supplied.) 


Hints. The reduction factor k of the tangent galvanometer is 
given by 


k= Б 4 ; where d= mean diameter of the coils, in metre, 
0 
n=no. of turns of the coils, 


B=Horizontal component of the earth’s field, 
in Tesla, 
and = permeability of the free space— 4x x 10-7 H/m. 


So that, d= m metre 


/ 
Determine the value of k by the method described in Expt. 
No. 3. As n is known and the value of В is supplied, d can be easily 
calculated after the value of k has been determined. 


2. Measure the electrochemical equivalent of copper. 


Hints. If С amperes be the current flowing in the circuit contai- 
ning a copper voltameter, then in / secs. the quantity W gm of copper 
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deposited on the cathode plate of the voltameter will be given by 
W —CZt, where Z is the electro-chemical equivalent of copper. 


=@) ole 
, Rheostat 


(Fig 6.15) 
Hence, if by experiment, values of W, C, and t are obtained, then 
the value of Z can be calculated from. the relation ` 


W 
Z= 


For the experiment follow the following procedure : 


(i) Make circuit connection according to the diagram given above. 

(ii) Clean and dry the cathode plate by the method described in 
Expt. No.3, and weigh it by method of oscillation. 

(iii) First connect the dummy cathode to the voltameter allowing 
about 30 sq. cm of it to dip in the solution. Plugin the key and 
adjust the rheostat to obtain a reading of 4 ampere in the ammeter. 


(iv) Plug out the key and remove the dummy cathode. Connect 
the clean cathode plate to the voltameter now. Plug in the key and 
start a stop watch simultaneously. Allow the current to flow for a 
measured 30 minutes and after exactly 30 minutes plug out the key. 
Maintain the value of the current at $ ampere by slight adjustment of 
rheostat while the current flows for the total length of 30 minutes. 
Thus the value of C in the experiment is 0:5 ampere. The value of 
t will be 1800 seconds. 

(v) Now clean ànd dry the, cathode plate and the copper depo- 
sited over it by the method described in Expt. No. 3. Weigh the 
Cathode with the copper deposited by the method of oscillation. The 
difference between this weight and the weight of the cathode plate 
before the copper is deposited over itis the weight W kg of copper 
deposited, Hence, 

4 т 


Z= 05х1800 900" 


> ысы 


` volti 
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^ 
3. To check the correctness of any graduation of the given ammeter 
by a copper voltameter or to measure a current by deposition of ions. 


Hints. This experiment is exactly the same as the associated 
experiment 2 described above. However, here the value of Z will 
be provided, i.e., 2=329 х 10-° kg/coulumb. The experiment will 
provide W and 7. Hence, 


c=% amperes, where W is in kg. 


Tf the deposition of copper over the cathode plate takes place for 
t=30 minutes= 1800 seconds, 
Ww sg 
7 329 х 10-° x 1800 0:5922 
The voltameter thus provides the measurement of current flowing 
through it. If the reading of the current by the ammeter be C', then 


percentage difference between C' and C will be сс X100. This 


C 


amperes. 


percentage difference is a measure of the correctness of the ammeter. 


The experiment may be repeated for different currents and a cali- 
bration curve with measured currents against the ammeter 
readings may be plotted. 


4. To determine the value of В. 


Hint. Determine К experimentally (Expt. No. 3). Measure 
the mean diameter d of the coils of the tangent galvanometer, and 
note the number of turns п of the coils. Then calculate В by the 
relation i 


B= Honk Tesla. 


5, To check the correctness of any graduation of the given 
meter using a voltameter and a standard resistance. 


Hints. This experiment will be exactly the same as associated 
with Expt. 2, provided the given standard resistance is connected in 
series in the circuit and the voltameter is connected in parallel with 
the standard resistance. Thecurrent C through the voltameter and 


the standard resistance will be given by 


392 А TEXT BOOK OF PRACTICAL PHYSICS 


т _ wW m 
и" amperes, where W is in kg. 


The p.d. across the standard resistance will be 


ТА WxR 
329 x 107° ХЕ 


If reading of this p.d. by the voltameter be V', then the percentage 


difference between V^ and V will be Ё p X100 which will be a 


y , where R is the value of the standard resistance. 


measure of the correctness of the voltmeter. 


EXPERIMENT 4, To compare the e. m. fs. of two cells by a stretched 
‘wire potentiometer. 


Apparatus, Potentiometer (at least four wires type), а Leclanche 
cell and a Daniell cell for comparison, two accumulators of 2 volts 
each, a low resistance suspended coil galvanometer with lamp and 
scale arrangement, a two-way (or four-way) key, а plug key, two 
resistance boxes (one of 0--20,0000 and the other of 0—1009), and 
а rheostat (0—100 range). 

Description of the Apparatus. POTENTIOMETER : It consists of a 
wooden board having 4 or 10 wires of uniform diameter, each one 
metre long, stretched parallel to one another. These wires are soldered 
together in series on thick plates of copper. The material of wire is 
selected to have high specific resistance and low temperature coefti- 
cient of resistance. Usually the material used is manganin. There are 
two connecting screws fixed at the end of the first and the last wires. 
A plate of brass having two connecting screws is arranged parallel 
to the last wire. A 
jockey can make 
contact with this 
plate and any point 
on the wire. The 
point on the wire 
where contact is 
made by the jockey 
is noted оп the 


Д 


em 


(Fig. 6.16) 


scale fixed over the wooden board. 


Theory. Let PQ be a wire of uniform diameter through which а 
battery B sends a current of C amperes. 
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Cand Dare two 
cells whose e.m.fs. 
e, and еҙ are to be 
compared. The 
positive. poles of 
these cells and the 
battery B are con- 
nected together to 
the end P of the 
wire.C and Dcan be (Fig. 6.17) 
separately connected 
to one terminal of the galvanometer G and the other terminal of the 
galvanometer is connected to a jockey J. Let the cell C be first 
connected to the galvanometer, and let the battery B be out of circuit. 
The current starting from the positive pole of the cell C will flow in 
the galvanometer G in the direction ХСС. Next, let the battery B be 
connected in the circuit. The current starting from the positive pole 
of the battery B will flow in the galvanometer in the direction CGX 
which is opposite to that in the former case. The potential difference 
between P and X arising due to the current from the battery В will be 
pl, where р= potential drop per unit length of the potentiometer wire 
m 1,2 PX. Due to this p.d. current 7; through С in the direction 
CGX is 


L= ply РЬ 
Resistance in the path СОХ R” 
Current I; flowing through G in the same path, but in opposite 
direction due to the cell C alone will be 


Difference of potentials at the ends of the path ХСС 


= Resistance of the same path 


—e.m.f. of the cell/Resistance of the same рав ==. 


When 1 and I, are both flo wing through G, total current 
through G is 
“1 
I-n-l- Rohe 


If the position of the point X is зо adjusted that the galvanometer 
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shows no deflection, 
1 
then 1-0- тоһ-е) 


ог ei — ph. 

When the cell is replaced by the cell D, we have the equation 
ез= рі, for the point Y on the potentiometer where the connection is 
made with G to have no deflection in the galvanometer. Шеге I,=pY. 
From these equations of e; and e,, we have 


a_h 
ep UIS 


Procedure. (i) Connect the positive poles of the battery B, the 
Daniell cell C and the Leclanche cell D to the end P of the potentio- 
meter. After that connect the negative pole of the battery to the key 
К and the rheostat Rh. The other end of the potentiometer should be 
connected to the terminal containing the sliding contact of the 
rheostat. Connect the negative poles of the cells to be compared to the 
two screws on one side of the two-way key. The third screw of the 
key should be connected to the galvanometer. Connect the other ter- 
minal of the galvanometer to a resistance box R in series. A resistance 


(Fig. 6.18) 


box may be put in parallel to the galvanometer to provide a shunt to 
it, and a key K' may be put in parallel to the resistance box R to 
facilitate exclusion or inclusion of the resistance in the circuit. 
Finally connect the jockey to the resistance box R. 

(ii) Put resistance of about 10,000 © in the resistance box R, and 
a resistance of 1 © in the shunt S. 
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(iii) Plug in the key K, and connect the cell C in the circuit with 
the help of the two-way key. Now press the jockey J and note the 
direction in which the galvanometer coil is deflected by noticing the 
movement of the spot on the scale of the lamp and scale arrangement 
of the galvanometer. When the length of the wire on one side of the 
jockey is small, the galvanometer deflection will be on one side, and 
when it is large, the deflection will be on the other side. Pressing the 
jockey lightly, move it over the wire until a position is reached for 
which the galvanometer deflection is zero. 


(iv) Now reduce the resistance in the resistance box to 10000 and 
adjust the jockey further to find a position for which the deflection is 
zero. After that plug in the key К’ and adjust the jockey further to 
find a position for which the galvanometer deflection is zero.’ Finally 
plug out the key K" placed in series with shunt S to remove the shunt, 
and make the final adjustment of the jockey to find a position for 
which the galvanometer deflection is zero. Now read the length 1, of 
the wire from P to X, where the jockey has been finally positioned. 


(v) Remove the cell C from the circuit and bring the cell D in the 
circuit with the help of the two-way key, and find the length /, of the 
wire at which the galvanometer deflection is zero by the same 
procedure as has been described above. 


(vi) Repeat the determination of 1, and 1, at least thrice one after 
another, and find the mean values of | and lẹ Enter your 
observations in a table as shown below. 


Observations and Results 
(ee 
Cell С (e.m.f. ei) Cell D (e.m.f. ез) 


No. of S 


tions 3 ^ 
обет Positionof | Mean | Positionof | Mean 
balance 1, balance l 


eilea=l,/l, 


і—— 


1 
2 
3 


|| | 


Note. (i) The system becomes more and more sensitive as the 


resistance in the resistance box R is gradually diminished, The 
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presence of resistance in the circuit of the cell is necessary to pre- 
vent large current to be drawn from the cell and to minimise its 
polarisation. However, as the current diminishes, the resistance in the 
circuit of the cell must be decreased to increase the sensitivity of the 
system. 

(ii) If the position of balance is not obtainable, i.e., a one-sided 
galvanometer deflection is observed for all positions of the jockey, 
then, provided no mistake has been made in circuit connection, the 
P. D. between P and О is less than the e.m.f. of the cell under test. 
Inthat case the number of accumulators in the battery B must be 
increased. 


(iii) The rheostat used in series with the battery must be one of 
jow value (about 10 0). With such a rheostat, the current in the 
potentiometer wire will be sufficient to give sufficient p.d. between the 
ends of the wire, not less than the values of e; and ез. However, its 
choice is also governed by the fact that /, and /, should be large to 
make the percentage error in the result small. 


ASSOCIATED EXPERIMENTS 
1. To measure the e.m.f. of a cell by a potentiometer. 


If one of the cells, say cell D, in Expt. No. 4 is the standard 
cadmium cell whose e.m.f. e, at the room temperature is known, then 
the e.m.f. of the other cell, say cell C, is given by 


ее, 
з 


This experiment thus becomes exactly similar to Expt. No. 4 
provided the cell C is the cell whose e.m.f. is to be determined and 
the cel] D isthe standard cadmium cell. 


In fact any p.d. can be compared with the e.m.f. of a standard 
cell by this process. 


EXPERIMENT 5. To determine the e.m f. of a cell or to measure a p.d. 
by Rayleigh’s potentiometer. 


Apparatus. Two post office boxes, an accumulator, standard cad- 
mium cell, Leclanche cell, a resistance box of 0-20,000 Q Tange, two 
resistance boxes of 0-10000 © range, three plug keys, a low resistance 
suspended coil galvanometer with lamp and scale arran gement, a two- 
way key, and a rheostat. 
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Theory. In the Rayleigh’s potentiometer the wires of a stretched 
wire potentiometer are replaced by two post office boxes P, and Q in 
series. The total resistance in P and Q boxes is maintained at a 
.constant value, so that if any resistance is included in P, the same 
resistance is excluded from Q. A constant current is thus maintained 
in P and Q from the accumulator. 


. (Fig. 6.19) 


When the cell C of e.m.f. e; is in the circuit and the galvanometer 
deflection is zero for, say, Р=Ру and Q=Q,, then in that case, the 
eP, 
Р,+01+7+ d 


accumulator B, г — internal resistance of the accumulator, and r’ is 
the resistance in the rheostat. 


p.d. across Py= = е, where e is the e.m.f. of the 


When the cell D of e.m.f. e, is in thecircuit, and the galvanometer 
deflection is zero for, say, P=P, and О = О», then in that case, 


еР; 


OO 
Pot Qo rr y 


the p.d. across P»— 
Since the equality of P,+ О; and Р,+ Оз is maintained by proper 
adjustements in P and 0, 


we have from the above equations, а 
ез Pz 
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To make the potentiometer direct reading, the cell D is the 
standard cadmium cell of e.m.f. 1:018 volts at 26°C. If we take 
outa resistance of 1000x 1:018— 1018 from P, and a resistance of 
1000 from О, we, then, have P+ О —2018 ©. Now, let the standard 
cell be brought into circuit, and Q be adjusted to a value О; to give 
zero galvanometer deflection. Now the value of P+Q=1018+Q,. 
In this condition the p.d. across 1018 © resistance is 1'018 volts, so 
that current through P from accumulator is 10-3 amp. In this state 
of affairs, each ohm of P has a p.d. of 10-3 volt over it. So long as 
the value of P+Q is maintained at 1018--О, ohms, the current 
through P from accumulator will be 10-2 amp. and the p.d. across P 
thus produced will be 10-3 x value of P. ` 


Procedure. (i) Make circuit connections as. shown in the circuit 
diagram. Take the cell D to be the standard cadmium cell, and the 
cell C to be the Leclanche cell whose e.m.f. e, is to be measured, Take 
out 1018 © from P and about 1000 2 from Q. Now bring the cell D 
into circuit by using the two-way key, and adjast О to make the 
galvanometer deflection zero. The Sensitivity of the system should be 
increased by gradually decreasing the Tesistance in the box R, and 
increasing the shunt S as advised in Expt. No. 4, to find the accurate 
value of resistance in Q which makes the galvanometer deflection 
zero. Note the value of О; say it is О.. 


(ii) Now, bring the cell C into circuit and remove the cell D out 
of circuit by using the two-way key. Keeping P+ О constant to the 
value 1018 + О; ohms, adjust P and О till the galvanometer deflection 
is zero, The sensitivity of the arrangement should be again increased 
by gradually decreasing the resistance in the box R, and increasing 
the shunt $ аз advised in Expt. No. 3, to find the accurate value of 
the resistance in P which makes the galvanometer deflection zero, 
Note this value of P; say it is Р,. The e.m.f. of the cell C will be 
107? x P, volts. 
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Observation and Results 


| Е. m. f. 
Adjustment with Standard Adjustment with Leclanche cell of 
cel Leclanche 
cell 
Р о Sense of | P+ P Q Sense of 
deflection Q deflection 
n | 
1018 | 1000 Left 2000 31 Left 
1050 | Right 1500 531. | Left 
1020 | Right 1400 631 | Right 
1010 | Left 1450 | 581 | Right 1482 x 107* 
1012 Left 1475 | 556 Right volts. 
1013 No deflec- 1480 531. | Right 
tion 2031 1485 546 | Left 
1484 ЗА] Тей 
1014 Right | 
Ў 1483 548 Тей 
1482 549 No deflec- 
| tion 
1481 550 Right 


ы 


Note. If the exact no-deflection position of galvanometer is not 


obtainable, find the value of P for which a minimum deflection of 
galvanometer is observed. 


This potentiometer is most suitable to compare any p.d. with the 
e.m.f. of a standard cell. 


ASSOCIATED EXEPRIMENTS 


1. To calibrate a voltmeter using a potentiometer, 


Hints. The circuit arrangement remains the same as that of Expt. 
No. 5, except that the Leclanche cell C is replaced by the auxiliary 
circuit as shown in the figure. The voltmeter is put across the 
rheostat of the auxiliary circuit, and the p.d. developed across 
the rheostat and indicated by the voltmeter is applied between the 
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terminals of the 
box Р through 
the galvanometer, 
P is then adjusted 
to get zero deflec- 
tion of the galvano- 
meter. Ifthe value 
of resistance in the 
box P in this condi- 
Auxiliary tion be Р;, the p.d. 
circuit applied will be 
(Fig. 6.20) Рух 10-3 volts. It 

must be remembered that the potentiometer is made direct reading 
following the procedure explained in experiment No. 5. 

The reading of the voltmeter is thus checked against the value 
of p.d. measured. Many such readings may be checked and a 
calibration curve plotted with measured p.d. against voltmeter 
readings. 

Note. This expt. may be performed with a stretched wire 
potentiometer also. 


2. To calibrate an ammeter using a potentiometer. 

Hints. The circuit arrangements remain the same as that of 
Expt. No. 5 except that the Leclanche cell C is replaced by a 
auxiliary circuit as shown in Fig. 6.21. 5 

The p.d. develo- 
ped across the 
standard 1 О resis- 
tance is applied | 
between {һе termi- 
nals of the P.O. Box 
Р through the 
galvanometer. P is 
then adjusted to get 
zero deflection of 
the galvanometer. If 
the value of the 
resistance in box P 

(Fig. 6.21) in this condition 
be P, then the 
voltage across the 1 Q resistance is Р» х 10-3 volts, and the current 


T: OlStandard cell) 


— 


То 
potentiometer 


— 


+ 
ei 


Standard 
resistance 


Auxiliary 
Circuit 


Е 
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through it is Pax 10-2/1=Р, х 10-3 amp. This checks the reading 
ofthe ammeter 4. Many such readings may be checked and a calibra- 
tion curve plotted with current through the 10 ге сс against 
ammeter readings. 

зи Notes. This expt.. may "M performed т а strétch wire porcas 
tiometer also. эш МОР 


ExbilüwENT 6. To" determine the resistance’ of а suspended coil 
B gs galvanometer by ‘Thomson's (or Kelvin's) method.” 


13 
“Apparatus. “A P.O. box, the galvanometer ‘whose resistance. is to 
be measured together with Jamp and scale arrangement, Leclanche 
cell, one theostat of 200 9 апа another of 2 Q, and a tap Key.. 
“Theory. This method does not require an extra galvanometer 
to be used as ‘а detéctor of Current, The galvanometer is put in the 


(Fig. 6.22) 

X-arm of a Wheatstone Bridge and the usual position of the current 
detecting galvanometeris taken by ағар key. A constant current flows 
in the net-work producing a steady deflection in the galvanometer, 
Closing the key K; will affect the current distribution in the circuit 
in general and there willbe a changein the galvanometer deflection. 
However, when P/Q =G/R, the points A and C are at the same poten- 
tial and no current will flow along AC when the key К; is closed. 
Thus in this condition closing the key К. will not affect the current 
distribution in the circuit, and hence the galvanometer deflection will 
remain unchanged whether the key Ку is closed or not. It is, there- 
fore, evident that keeping P and О fixed, К should be adjusted to 
T. B. P. P.-26 
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such a value that closing of К, does not change the galvanometer 
deflection. In that condition, 
P/O=G/R 

or G=P/QxR. 

Procedure. (i) Make circuit connections as shown in the figure 
given above, putting the galvanometer under test in the X-arm of the 
Wheatstone Bridge (P. O. Box). 

(1) Put 100 © resistance in each of the P and О arms, and no 
resistance in R arm of the bridge. Bring the sliding contact of the 20 
rheostat to its left end, and bring the sliding contact of the 200 Q 
resistance atits end F. In this condition if the key К, is closed, 
practically no p.d. will appearacross D and В. Now, close (һе key Kj, 
and adjust the 200 © rheostat and the 2 © rheostat to get a full scale 
deflection or at least 50 cm in the light spot on the scale of the lamp 
and scale arrangement when the scale is placed at a distance of 
about one metre from the galvanometer. Press the tap key and note 
ifthe deflection in the galvanometer increases. 

(11) Now open К, ап4 К», and bring the sliding contact of 2 Q 
rheostat again at its епі. Take out а resistance of 40002 from А. 
Close К; and adjust the 2 Q rheostat to get a full scale deflection of 
the galvanometer. Now press the key Ky. Tt will be observed that if 
the deflection had increased when 8-00, it will decrease when R= 
4000 Q, or vice-versa will take place. This means that G is between 
0 and 4000 ©. 

(iv) Repeat the above operation for systematically decreasing 
value of R, say В «1000, 500, 1002 and so on,until two values 
of Rare found for which the change of galvanometer deflection is 
found to be in opposite direction when the key K, is pressed. 

Let these resistances be А and B. 

(v) Now make Р = 100 © and О —1000 © and find two resistances 
C and D in the R-arm in the range 104 and 108, differing by one 
ohm for which the change in deflection is in opposite direction when 

the key К» is pressed. 

(i) Finally make P = 10 9, and Q = 1000 © and find a resistance 
^E in the range 10C and 10D for which there is no change in the 
galvanometer deflection when the key Ks is pressed. The value of 
G will be given by 
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Observations and Results 


Ш ———— M M —— —— 


| 
| Change in De- 
P Q P/Q Е | flection in ва- Conclusion 
Q о о vanometer about G 
100 100 1 0 Increased G>0Q 
4000 Decreased G< 4000 Q 
1000 Decreased G< 10009 
500 Decreased G<50) Q 
100 Decreased G<100 Q 
50 Decreased С<500 
| 40 Increased G>40Q 
| 45 Decreased G<45 Q 
44 Increased G>44Q 
1 
100 | 100) 21 450 Decreased G<4502 
10 440 Increased G>4402 
| 445 Decreased С̧<445 0 
| 444 Increased G>444 0 
10 1000 к 4450 Decreased 44:50 
209 4440 Increased сво e 
4441 No change Mean 
4442 No change В=4442:5 О 
4443 No change С-=44:425 О 
4444 No change 
4445 Decreased G<44-45Q 


—€——————————— TE RS 


Resistance of the galvanometer —44:425 ©. 


Notes. (i) This method does not provide as accurate a result 
as is provided by clamping the galvanometer coil and measuring its 
resistance by the usual method of P.O. Box (Wheatstone Bridge), 

(ii) As the change in the galvanometer deflection due to change 
in the resistance in the A branch is proportional to the galvanometer 
deflection, a large deflection of the galvanometer is necessary for 
better accuracy in the determination of G. In case, the effort to have 
a large deflection of the galvanometer results in the light spot on 
the scale going beyond its end, the torsion head of the galvanometer 
should be rotated to bring the spot on the end of the scale. Effort 
must be made to have large galvanometer deflection for the success 
of the experiment. 


EXPERIMENT 7. То determine the resistance of a suspended coil 
galvanometer by half deflection method. 

Apparatus. Тһе susperded coil galvanometer with lamp and scale 

arrangement, а commutator, a resistance box of 0—20,0000 range, 


404 A TEXT BOOK OF PRACTICAL PHYSICS 


P. O. box, a rheostat of 2 2, an accumulator and a key. 

Theory. Referring to the circuit diagram given below, let r be the 
resistance from the 2 О rheostat placed in parallel to С and Rin 
series, The equivalent resistance across the points 4 and В of the 


itis 27% 2. The таш current I Bowing through this resistance 


produces а p. d. across АВ eal to HG I. The current Го 


through the galvanometer will be $35) ‘by 


‘lear I= 1. 
On E. STE — 
This current produces a: deflection. d: of the light spot. So 
i 


Le the deflection be d, when R= 0, so that 


"esr wp © "EU 


Now, when R=R, let Е deflection d, be - so that 


ы ы E T 
G+R+r "s ene): 
-. From equations (2) and (1) 
G+R+r_ 2 
G+r 
К ог G+R+r=2G+42r 
(га) 10:00000 w G=R-r. 
If r is negligibly small compared 
to R, 
Ола. 9 G=R. 


Procedure. (i) Make circuit 
connection as shown in the circuit 

r4 diagram. Make R=0, and remove 
Kt the sliding contact of the 20 resist- 
(Fig. 6.23) ance to its end A. Make A' = 10,0000, 
(ii) Now closethe key K and the commutator keys suitably, and 
adjust the sliding contact of the 20:тһеовізі to obtain a deflection 
of 20cm of the light spot fromthe galvanometer. Note this deflection. 


is 
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Reverse the direction of current using the commutator and note the 
deflection again. Find the mean deflection d}. j 
(iii) Now gradually adjust the resistance R until for two values 


of R differing by 1 ohm, the deflection of the light spot is nearly 4. 


Let these values of А Бер and p--1. Let the deficction for R=p be 
m and that for R=p+l1 be n. Therefore, the value of К which 


makes the deflection exactly equal to а will be given by 


m—d,/2 

т-п 
In practice this value of К is quite large compared to ғ, so that 
т--а,/2 

т-п 


К=р+ 


G=p+ 


(iv) Repeat the above procedure at least three times for different 
values of dı, say d, =20, 18 and 16 cm and find the value of G in 
every case. Finally obtain the mean value of G. 

Note. Take care to ensure that r in the experiment does not 
exceed > of the total resistance of the rheostat used. Only then the 
value of G will be obtained with good accuracy. 

Observations 


Deflection d, in cm 5 2- 
E for R=0 Q - Deflection in cm Conclusion 
vation | | Re- Ё Ree deflection 
| Direct | versed Меап Direct versed Mean 

CHEESE 20°78 eo lal 10 182 | 178 | 180 | More than _ 
20 14-4 13:8 142 т 7 
30 12-3 12.1 122 мо шап 
35 11-1 11:0 11:05 Мо Шап 
36 1077 10°6 10°65 More tot 
37 10°2 10:0 101 lem - 

1 |—1—— Ai. half 
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Calculations and Results 


10°65 — 10 55 


G from observation No. 1=36+ =36:2 2 


G from observation No. 2= 
G from observation No. 3= 
Mean valne Of (ex. лье ээзи. ase 


EXPERIMENT 8. To determine the figure of merit of а suspended coil 
galvanometer, and the constant of a Ballistic galva- 
nometer by figure of merit method. 


Apparatus. The suspended coil galvanometer of known resistance 
with lamp and scale arrangement, commutator, an accumulator, and 
three resistance boxes : the first of 0— 02, the second of 0—50000, 
and the third of 0—500000. 

Theory. The figure of merit of a suspended coil galvanometer 
having a lamp and scale arrangement is measured by the current 
in amperes which flowing through the galvanometer coil produces à 
deflection of 1 mm of the light spot on a scale placed parallel to the 
coil of the galvanometer at a distance of 1 metre. A circuit 
arrangement of the type shown below may be used to determine the 
figure of merit of a galvanometer. 


The equivalent resistance across 
the points A and B in the circuit 


_P(R+G) 


P+R4+G 
If B be the internal resistance of 
the accumulator in the circuit, and 
Е be its e.m.f., the current J drawn 
from the battery is given by 


ы Е. 
P(R+G) 
Р+Е+СТО+В 


Olt 
к 3 


(Fig. 6.24) E(P+R+G) 


~ P(R¥G)+(O+B)P+R+O) © 


The current Jg through the galvanometer is given by 


ER EP(P+R+G) 
GtR ~ P(R+GF+(O+B\G+RYPERFG) 


—_ - 
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EP 
P(R+G) ` 
(Q +B)(G+R)+(PLREG) 
If B is negligibly small compared to Q, and also P is very small 
compared to R+G, we may write 
О +В approximately = Q 


and P+R+G approximately = К+С. 
ЕР 
Hence I= ———_—__~.—._- 
77 “OG +R) +P(GFR) 
Se 
(Р-ОХС--Е)” 
lf P-- О is made thousand times the value of E, then 
P 
| ——B a 
7———]q00G4R) ee 
P Е А 
UA x 10-3 amperes 2% 101); 


If this current flowing through the galvanometer coil deflects the 
light spot by S’ mm on the scale placed at a distance of d cm from 
the coil, then the deflection S mm of the spot when the scale is 
placed at 100 cm from the coil will be given by 


S _ 100 100 


S EJ? or S=-7 9 оц), 
Therefore, the figure of merit of the galvanometer will be 
I; To i00 
Sos a amp./mm ue (3): 
If G be a Ballistic galvanometer, its constant Ka EG 
2n пАН” 
where T sec is the time period of torsional oscillations of the 


, A CNE 
galvanometer coil. Further as = ( AF М5 3 


T RC T i 
“бз ЖАН m 1000 1,/8. coulumbs/radian. 

Procedure. (i) Arrange the scale and lamp properly at about 
100 cm from the galvanometer coil, and focus the lamp to obtain a 
sharp light spot due to the beam of light reflected from the mirror 


408 A TEXT BOOK OF PRACTICAL PHYSICS 


attached to the suspension of the galvanometer coil. Place the centre 
‘of the spot on the zero mark of the scale. Measure the distance 
between the scale and the coil in сш with the help of a metre scale. 

(ii) Now make circuit connections as shown in the circuit diagram. 
‘Measure the e.m.f. E of the accumulator with the help of a voltmeter. 
Let it Бе n volts. Make P=19 and take out the resistance from О 
which makes P+ О = 10002. Take out 150002 from В. Now, close the 
key К, and the commutator keys properly. Observe the deflection in 
the galvanometer and if the value of S' is not less than 20 mm and 
more than 1000 mm, note the deflection. Reverse the direction of 
the current through P and Q and note the deflection again. Find 
the mean of the two deflection readings, and use it to calculate the 
ifigure of merit. 

Note. If S' is less than 20 mm, increase the value of P. This will 
increase S'. If S’ be more than 1000 mm, increase the value of К. 
This will decrease 5”, For a very sensitive galvanometer R тау have 
to be of the order of a fraction of a megohm. Jn that case a megohm 
box should be used in the position of R. 

(iii) Note the deflections in the galvanometer for direct and 
reversed currents keeping Р=20, 3 2,.., 102 taking care to make 
P+Q=1000nall the time. Calculate the value of figure of merit 
їп every case, Finally, calculate the mean value of the figure of merit. 


Observations and Calculations 


E МЕ. of the accumulator used = n =2'0 volts. 
R=15000 0, G=35-0 0 (as in expt. no. 7) 
The gro 7 1000 п = 2000 9. 


g қ — 
53 Deflection 57 іп mm 

“2 Р о — 4 Á 

ee iol in a Revers.| Tg in Figure Mean 
$ 5 о Direct ed Mean amp. of merit кше 

2 қ 

5 current | current | 5’ in amp/mm of, 
—— i merit 

1 


|| 1999 | 2 | 23 22 | 667х10- | 312х10-% 


3 1997 


8... 
= 
5 


— „ 
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Graph. Draw a graph with P on x-axis and deflection S’ on 
y-axis. The graph should be a straight line, as 


TA ST 
L-gig 197% К5 


where К is aconstant. 


Here G and R being constant 
S'acP. 


From the graph obtain the value of 5' for any chosen value of P. 
Calculate S from this value of 5” using equation (2) and J, from the 
chosen value of P using equation (1). Then calculate the figure 
of merit by dividing Js by S. 

Results. 

Mean value of figure of merit by calculations  .. .. .. 

Value of figure of merit by the use of the graph- ...... 

ТС is a B.G. also calculate К by determining T with the help 
of the stop-watch, and calculate the constant K of the B.G. 

Note. (i) If the resistance of the galvanometer is not given, 
the same circuit may be used to determine the resistance of the 
galvanometer by half deflection method. 

(ii) If G be small compared to R, Ij may be calculated by neglec- 
ting the value of G, i.e., when С is negligible compared to R, 


ц-Е x 10-3 Ampere. 


EXPERIMENT 9, To determine the constant of a suspended coil 
ballistic galvanometer by charge and discharge of a 
condenser. 

Apparatus. The suspended coil ballistic galvanometer with lamp 
and scale arrangement, a resistance box of 0—1000 Q, a standard 
condenser of 4 micro-farad, a four-poles commutator, two tap keys, 
a storage cell, a voltmeter, and two resistance boxes : one of fraction 


ohms (P) and the other of 0—100,000 2 (Q). 
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Theory. Referring to the 
circuit diagram shown be- 
side, by pressing the key Kj. 
the condenser of capacity C 
is charged. The charge O 
on the condenser is piven 
by Q=CV, where V is the 
p.d. applied. ИК, is opened 
and the key Къ» pressed, this 
charge is quickly sent through 
the ballistic galvanometer and 
а throw is noticed in the coil 
ofthe galvanometer. Let the 

А first throw be 0, then, 
Erro Q- СИ= КӨ (1+2/2) 
where K is a constant called the Ballistic constant, and is another 
constant, called the logarithmic decrement of the galvanometer whose 
value depends upon the resistance of the galvanometer and the 
Iesistance R in its circuit. 


From the above ti АС 0 
equation, К & 2) 
If the light Spot reflected from the galvanometer mirror and 


Teceived on a scale placed at D cm be deflected by d; cm due to the 
throw of the coil, then 


d, 
0,— —L 
аа ӘУ») 
So that K=—2CVD , —_P.d. cross В 
d,(1+4]2) Here ponm 2: B P: 


С; y, D and d, are easily measurable quantities. Hence if А is 
аеѓегтіпей with the value of R to be used in the experiment, then 
K can be calculated. ' 

То determine hs let the coil of the galvanometer execute torsional 
Oscillations after a charge О has been passed suddenly through it, and 
while it oscillates let the Spot of the light be deflected ое by 


4,, de, d...dyy on the same side as the coil is thrown successively by 
01, 05, 03...0,, respectively. Then 


UNEd CUI ^ =P? =a constant. 


x 


А2 
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log, p =}, so that log, p?=2 loge р= 2А 
dre 
or loge d; z2X. 


did, d, “daa 


idi 08 Ей! 204: —p10, 
Further, ааа ча “ағам p 
а, = 10 — = 
log, 7- = loge р = 10 Іор, p= 10%. 
6 
"t а, қ 
Similarly, log, 2 =102, 
d; 


d, _ di — 
Tax Time loge zo 


Thus from observation of 4), 4..4, the mean value of 10a, 
and hence the value of 4 сап be calculated. 

Procedure. (i) Arrange the scale and the lamp properly at about 
100 ст from the galvanometer coil, and focus the lamp to obtain 
a sharp light spot on the scale due to the beam of light reflected from 
the mirror attached to the suspension of the galvanometer. Place the 
centre of the spot on the zero mark of the scale. Measure the distance 
D between the scale and the galvanometer coil in cm with the help 
of a metre scale. 

(ii) Take a storage cell, not freshly charged, and make circuit 
connections as shown in the circuit diagram. Keep a resistance of 
1000 2 in the box R, and after taking a small resistance in P and a 
large resistance in Q, place the keys in the commutator properly. 
Close the tap key К; for about one minute. Now open К: and quickly 
press К, to discharge the condenser through the galvanometer. See 
if a deflection of about 20 cm is obtained. If the deflection is small 
or very large, adjust P, О and R gradually until the deflection on the 
scale when the condenser is discharged is about 20 cm. While the 
coil oscillates note the successive deflections d;, 4;, d3,..dyy) on the 
same side, and calculate 2. 

(iii) An accurate determination of first deflection d, is now 
needed. For this charge the condenser for about one minute by 
pressing the key Kı. Now open the key K, and quickly press К. Note 
the first deflection d, of the light spot on the scale. Repeat the 
processes of charging and discharging atleast five times and note 
the value of d, every time. Use the key Кз to damp down the oscilla- 
tions of the coil whenever necessary. 
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(iv) Now reverse the polarity of the charging battery in the circuit 
by changing the position of the commutator keys properly. Repeat 
the charging and discharging processes again as described above at 
least five times, and note the value of d, every time. 


(v) Find the mean value of d. 
(vi) Measure the p. d. across the cell В with a high resistance 
voltmeter, 
Observations 


Е.М Е. of the storage battery - V =... „volts. 
Distance between the galvanometer coil 


апа {ће ѕсаје= D—....cm. R=... ohm. 


Determination of 2. as loge = | 3 Mean 
4, nts X 
E =102. 


Determination of K. 


SSS eee 
No. of Deflection d, in cm 
obser- es, M 
vations | Direct Reverse | Mean 
1 
2 
3 
4 
5 
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Calculations and Result 


ул. ОАА Coulomb 
ОЕР or ЗЕ Radian ` 


Note. The voltage for charging of the condenser should be- 
decided by observing the deflection of the light spot when the con- 
denser is discharged through the galvanometer. If the deflection is 
‘small, the number of cells'of the' battery" in series may Бе increased. 
If М арда а condenser of larger value may also Бе: used ast 


in 
ASSOCIA TED EXPERIMENTS 
1. To compare two capacities by using a ballistic galvanometer. 


Hints. For this experiment determination of the va! ue of К and) 
^ isnot needed. „ДЕ the two :capacities:.C, and ES are charged to the 
same voltage V, the charge:on: them аге :: 1 

чигип i : Q1 5 CIV and Q= CV. j uA 
If -these capacitances are discharged one after another through a 
ballistic galvanometer and the first deflections of the light spot.on. 


the scale are d, amd d,' respectively, then. > > i 
2 Иш: Ол=С,У=Ка(1+[2). 
and Q4 7 СУ =Ка," (1223/2) | 


(Fig. 6.26) 
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P is a low resistance (20) rheostat and Qis a high resistance rheostat 
(50002). R 

К and К’ are two plug keys. Ifthe key K is plugged in and K' is 
plugged out, then С, is charged when Кү is pressed, and discharged 
when K, is opened and К» is pressed. Similarly if the key К’ is 
plugged in and Kis plugged out, then C, is charged when K, is 
pressed and discharged when К, is opened and K; is pressed. 


2. To determine the capacity of a condense 


г by comparing it with а 
standard condenser. 


Hints. The same circuit diagram as given above should be used. 
If C, be the standard condenser, then 


даш, Cs. 


EXPERIMENT 10. To determine the value of 5 of the earth’s magnetic 
field by an Earth Inductor. 

Apparatus. Earth inductor, à resistance box, а suspended coil 
ballistic galvanometer with lamp and scale arrangement, a magneto- 
meter box. › 1 

Description of the Apparatus : EARTH INDUCTOR. An Earth Inductor 
is a circular coil of several turns of wire woun: 


d over a circular metallic 
or wooden frame. The frame can be rotated 


and is held by a catch in 


(Fig. 6.27) 
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anotherrectangular fixed frame. A springarrangement quickly rotates 
the frame by 180° as soon as the catch is pulled back. The frame 
may be brought back by hand and held in position by the catch. 
The earth inductor may be arranged with the plane of its coil 
either vertically or horizontally by turning the rectangular frame in 
which the circular frame is fixed. The ends of the circular coil are 
connected to two commutators separated from each other and fixed 
on the axis. Two springs, called the collectors press against the co- 


mmutators lightly. These are connected Up ECT. ГЕТЕ 
to the connecting screws. Ав 

Theory. Теа closed coil of effective 8 
area 4 be situated in a uniform magnetic ——————$$—— 
field B. Ifthe plane of the coil makes (Fig. 6.27 A) 


an angle 0 with the direction of the field, 
the magnetic flux linked with the coil 2 BA sin0— М. 

The rotation of the coil induces ап e.m.f. e, at any instant of 
time 1, given by 


dN disi 
e=- A = -BA аз), 
and the current i through the coil at that instant is given by 
- ВА . d(sin0) 

т dt ла, 
where г =resistance of the closed circuit. оЁ the coil, 


е 
i=—= 
r 


or idt=— 2+ 4(ѕіп0). 


If 0=n/2 at time t=0, and —z/2 at the епі of an interval of time, 
i.e., the coil is at right angles to the field before and after the rotation, 
then the charge О flown through the coil in this interval is given by 


o= | а= BA ‘авто 


0=7/2 


= виа" = 224 
r л/2 F 
If the coil is in series with a ballistic galvanometer, 
Q — kð (1+^/2), 
where k=ballistic constant, 
2=logarithmic decrement of the galvanometer for 
the given resistance in its circuit, 
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0,—first throw of the galvanometer coil as the 
charge suddenly passes through it. 


Hence, | 254-і, 442); 


сак. 


| P ыы a e;(1 4-2 ипи: 
з «ili HR onu : dis Lis анун x 
The effective И= па, үеге total’ number of! turns of! бебі? 
-and a=méan area of a turn. Hence | чуу ишинин c) 
3 * - iss БРНА) поа at Tae uill). 
апа am) : "Tm XS os i 
If the coil is arranged vertically with, its. plane at.right angles 
before and after. rotation, then.B is horizontal,component of the 
earth’s felda; g o п LG arua Mio (c шылау зи D 
If the coil is arranged horizontally with its plane.being, horizontal 
before and after the 190° rotation, then the ‘field in which it rotates is 
the vertical component B’ of the earth’s field, 
» 


оа ш а Bia TE y (14412). ма а 8% 


where 6,’ is the first throw of the galvanometer coil as the charge 
suddenly passes through it. 


Further, since tanó— T 8 being the dip, 


= Bt 0,’ 
17 =tan2 2. 
p^ E Bg, 
Let the distance between the coil of the galvanometer and the 
op of the lamp and scale arrangement be D, and let d; and а,” be 
€ deflections of the light spot on the scale, when the throws of the 
coil аге Ө, and 6,” respectively. 


6 ={ап 


Then о d, n CH 
1 2D , and СА = 2 
6 8— tan-td,'|d;. 
rocedure. (i ircui ; Я ЖС 
diagram. (i) Make circuit connections as shown in the circuit 


à beri the scale of the lamp and scale arrangement at a distance 
; out 100cm from the galvanometer coil. Focus the lamp to 
Æt a sharp spot of light over the scale. 
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ЕР. 


Earth 
inductor 


(Fig. 6.28) 


(ii) Place a magnetometer box over the table and stretch a piece 
of thread along its pointer. 'This gives the direction perpendicular 
to the magnetic meridian. Now place the frame of the coil of the 
Barth Inductor under the catch, and rotate the Earth Inductor as a 
whole to make the coil parallel to the thread stretched. Do not take 
any resistance in the resistance box R. Withdraw the catch of the 
Earth Inductor to suddenly rotate the coil by 180°. If the first deflec- 
tion of the light spot does not go out of the scale, note its value. If it 
goes out of the scale (normally it would not) then take a proper resis- 
tance in the resistance box R, and then repeat the process of getting 
the first deflection. Repeat this observation at least five times and 
calculate the mean deflection d;. 

(11) Now arrange the Earth Inductor such that the frame of its 
coil when put under the catch is horizontal. А spirit level may be 
used over the frame of the coil to check if it is horizontal. If itis not 
so, then wooden wedges may be inserted underthe base of the Induc- 
tor to make it horizontal. Now withdraw the catch of the Earth 
Inductor to suddenly rotate the coil by 180°. Note the first deflection 
of the light spot over the scale. Repeat this observation at least five 
times, and calculate the mean deflection d,’, 


Observations 
(азан Lora 25:719 ЕЕ ЕЕ C dures to xii v culled физ: 
No. of я 
obser- Reading of d, in cm Mie. d, Reading of d,’ incm | Mean dy’ 
vations ae 
1 
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Calculation and Result. 


d. , 
ostani 1 =....... 
а, 
EXPERIMENT 11. To determine the End corrections of a Meter bridge. 


Apparatus. The meter bridge, two resistance boxes each of 0-2002, 
rheostat of above 2502, Leclanche cell, commutator, suspended coil 
galvanometer with lamp and scale arrangement, a resistance box of 
0—500 to be used as shunt, and a jockey. 

Theory. The wireof the meter bridge is connected to metal pieces 
at its ends. Normally the resistances of these metal pieces are assumed 
to be negligible. But when a great accuracy is demanded, correction 
forthe resistances of these pieces must be made. Also the ends 


(Fig. 6.29) 


of the wire may not be exactly at the zero and hundred marks ,of the 
scale fixed by the side of the wire. Hence a correction for this 
error is also necessary. The total corrections needed for the ends 
of the bridge wire on account of the resistances of the metal pieces 
connecting the ends of the bridge wires, and on account of the ends 


of the bridge wire not being on the 0 and 100 marks of the scale, are 
called the end corrections. { 


Referring to the above circuit connection with the meter bridge, 


which is essentially a Wheatsone bridge Circuit, let the galvanometer 
eius be zero when the jockey makes contact with the meter 

ridge wire at X. Length of the wire as read on the scale on the 
left of X is /, and on the right of this point is la 
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If the resistances on the left and on the right of the ends of the 
bridge wire be equivalent to length 2, and 2» respectively of the 
bridge wire, then, when the bridge balanced, 


Р htu 
О lc 
Ln 
If um № 
1 А+ 
N df» 
or += N(l +) veh) > 
If P, and О are interchanged in their positions, 
О = Nai th 
P lh! + 
ог l? += UN +) 02): 


From equations (1) and (2) 
Ip—la! =N (h+) TA) 


А+) +M) 
N 


ог М1) 2 4(N? —1)- № —1,' 
№) — №1, +1,' 
ғ (N+1)(N=1) ^ 
Ав 1; =100—h, and /,’=100—1,’, 
2—15 =1,;' —l;; 


мп) м1, 


so that, м (N31) (N- T) 
z OCT) АМЧ) 
(N+1) (М-1) 
u Nh 
М-і” 
LR - Nl. 


Similarly, а N-Í 
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For convenience of calculation, N may be easily made, 101, 


I,' — 1017 
so that, Mp 100 - 
07 

and DI mor * 


Procedure. (i) Make circuit connections as shown in the circuit 
diagarm. Make the resistance P equal to 19, and the resistance О 


equal to 1019. Keep the shunt resistance at 19, and put the full 
resistance of the rheostat in the circuit in the beginning. 


(ii) Now close the key K, and shift the jockey towards the left 
end ofthe wire. Press the jockey lightly against the bridge wire. If 
the connections are allright, galvanometer deflection will be on one 
side of the zero mark of the scale of the lamp and scale arrangement 
when jockey is at the end of the bridge wire, and on the other side 
when it is away from the end towards the right of it, Bring the jockey 
near the point at which the galvanometer deflection tends to be zero. 
Move the sliding contact of the rheostat to reduce the resistance in 
the battery circuit and also increase the Shunt resis 
galvanometer. This will increase the Sensitivity of the arrangement 
Now press the jockey lightly and move it along the wire to a point 
where the galvanometer deflection becomes zero. Note the length /. 
of the bridge wire on the left of the position indicator of the jocke ) 
The length /, on the right of this position will be 100—1,. ibd 


the direction of current with the help of the commutato. 1 
r and 
find 4 and h. sen 


tance across the 


(iit) Now interchange P and О in their positions, 
jockey near the other end of the bridge wire. Adjust the position 
of the jockey to obtain zero deflection of the galvanometer, Note the 
length /,' of the wire on the left of the position of the jockey. The 
length /,’ will be 100-1. Reverse the direction of the current with 
the help of the commutator and find 1,” and 1,’ again. 


and shift the 


(iv) Repeat the above observations with Р=19 and Q=912 о 
obtain a second set of readings of |), I, and 1,, Ia’. 


(v) Calculate 2, ава 2, from each of the two sets of readings, and 
the mean value of à and Ag. 
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Observations 
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$ 1, and 1’ in cm 1, and 1." in cm 
E 2 С пиете "егет am 3 
Sa T E 
оо Direct Reverse Direct Reverse 
os current | current | Mean current | current | Mean 
25 
1 101 0-61 0:59 0:60 99:39 99:41 99:40 
1 
101 1 99:42 99:40 99:41 0:58 0:60 0:59 
1 91 
2 
91 1 


Calculations and Results. 


From Ist set, А; = эт 1010560520358 сш. 
99°40 — 101 x 0:59 
QS = 0398 P 
А 100 uns 
From 2nd set, 24—........ 
Ма eese 
Mean A;=...... vis 
andas. e. ess 


ASSOCIATED EXPERIMENTS 


1. To determine the resistance of a coil with а bridge 
end corrections. 


2. To determine the Specific re 
by a meter bridge. 


Hints. Determine the res 


: istance X in O of the wire 
meter bridge using end Corr 


applying 


tions of the meter bridge 
shown in experiment No. 


values of resistance in the 
the coil should be calculated. 


sistance of the material of wire 


with the 


ections. Measure the diameter of the 
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wire using a screw gauge and calculate the area of cross-section, 5 
sq. m of the wire. The procedure adopted for this purpose should 
be the same as described in a book of Practical Physics for І. Sc. 
students. Measure the length, | m of the wire by a metre scale. 
Calculate the specific resistance p by the relation, 

= z ohm-m. 
EXPERIMENT 12. To measure a low resistance (or the resistance of an 
ammeter) by Mathiessen and Hokin’s method 


Apparatus. The low resistance (this may bean ammeter), a 
suspended coil galvanometer with lamp and scale arrangement, а 
meter bridge, a standard low resistance of 0:01 ©, four-way 
key, accumulator, a shunt box, a commutator, and jockey. 

Theory. Referring to the figure given below, if points a, b, c and 
d are found on the meter bridge wire such that these pointsare at the 


(Fig. 6.30) 


same potentials as the terminals 4, B, C, D respectively of the un- 
known low resistance and the standard low resistance, and if J, and 
Т, are currents through the two branches of the circuit, then 
ИА ъ= XI; - Va—V,- lol, .. (D, 
Vo—-V,y-Rh-V.— Va RIA 
where /, and 1; are the lengths of ab and cd of the bridge wire, and p 
is the resistance per unit length of the wire. ! 

1 


Хх a! 
RI,” or Xoy XR, 


and 
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Procedure. (i) Make circuit connections as shown in the figure 
given above. Take care to connect the unknown low resistance and 
the standard low resistance to the bridge by short thick wires. 

(ii) Take a resistance of 12 in the shunt S and keep the resistance 
from the rheostat in the circuit at its maximum value. Now close the 
key Ki of the four way key. Press the jockey lightly and slide it over 
the bridge wire to find the point ‘a’ for no deflection in the gal- 
vanometer. Make the arrangement sensitive by increasing the value 
of shunt across the galvanometer and also by decreasing the 
rheostat resistance, and determine accurately the point ‘а’. Reverse 
the direction of current using the commutator and again determine 
the point ‘4’. Take the mean of these two observations, 

(iii) Now open the key К, and close the key К, and determine 
the position ‘b’ for no current in the galvanometer following the 
same procedure as described in (ii). 

(iv) Similary, by successively closing Кз and Ка, determine the 
positions ‘c’ and ‘d’ for no current in galvanometer. 

(v) From the determination of positions a, b, c and d find the 
lengths /, and /, in cm and calculate Y. 

(vi) Repeat all the above observations at least thrice. 


Observations 
В=00:1 2 


к 


Points of no deflection 
а 
2 
u 
@ 
Е а b d 
2 B Б 
о 
© a o 
ч ЖА - - ~ y к 
9 ар е 1% ч | o ~ 2. 
e |5 E ЫЕ E TESTI E | a 3 2 E 5 
2/2 ЕБ зер Ее Еа а E 
Fd ee oot ж © 
аа Аа А 2 S 3 3 
1 
2 
3 


Calculation and Result. 
Mean I, —......cm, 
Mean һ=..... „ст. 
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х= x001 o. 
la 


Note. The experiment needs a special care if the points ‘а and 
‘b’ are not found on the bridge wire, but on the strips connecting the 
ends of the wire. In that case a meter bridge with four gaps (not two 
only) at its strip should be used. The resistances Х and R should be 
placed in the 2nd and 3rd gaps, and the first and fourth gaps should 


be closed by wires of about 15 cm in length. This will bring the 
points ‘a’ and ‘b’ on the bridge wire. 


ASSOCIATED EXPERIMENT 


1. To perform an experiment to change the range of a given 
ammeter by n times. 


An ammeter is used to measure the current in the path of a circuit. 
Hence it is connected in the path in series. It is, therefore, necessary 
that the resistance of the ammeter must be low in order that it may 


its inclusion. The main 


, be the measurement of 


following the procedure described in Expt. 12. 


Let XO be the resistance of the ammeter, 
amperes. The maximum current which shou 
galvanometer is m amperes. Now we desire 
n times, i.e., its range is to be converted to 
the maximum current of nm amperes, only m ampere should flow 
through the ammeter, and the rest should be 


arranged to flow through 
а shunt of resistance S. The value of the required shunt will be given 
by 


and let its range be 0—m 
ld be sent through this 
to change its range by 
0— nm ampere. Out of 


UT] nm 
5-Х 
ог nS=S+X, 


If the range is to be changed by 10 times, и = 10, and the required 


S will be % 0. А resistance of 2- © when placed parallel to the 


ammeter will change to its range ten times. 


NN 


= 
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EXPERIMENT 13. To measure a high resistance (or the resistance of a 
yoltmeter.) 

Apparatus. Megohm box, a suspended coil galvanometer with 
lamp and scale arrangement, two accumulators each of 2 volts, a 
resistance 0—10 © to be used as a shunt, a key, two Pohl 
commutators, and a high resistance (this may be a voltmeter), 

Theory. A wheatstone bridge becomes insensitive for measure- 
ment of high resistances. Hence a different approach for measure- 
ment of high resistance is necessary. A method which may be adop- 
ted is to allow currents to flow from a battery alternately through the 
unknown high resistance and through a known high resistance, and 
to note the deflection of the galvanometer coil connected in the circuit 
in both the cases due to the currents flowing through it. Referring 
to the figure given below, let dy be the galvanometer deflection when 
the unknown high resistance Х is connected in the Circuit, and 4, be 


B 
+= 


| 
= KAA 


с 


[xli BOX 


(Fig. 6.31) 
the galvanometer deflection when the known high resistance is 
broughtin the circuit. The currents Tx and Г. in the circuit in the 
two cases will be given by : 


E E 
Ix= ЕЕ „=Ках 
GS 4x X(G+S)+GS 
G+s 
E Е 
= KG 
and In GS F RG+S)4 GS R 
ЕТ” 
where E —e.m.f. of the accumulator. 
r(1+$)+6 
Ix_dx_R(G+S)+GS _ 5 А 


In 4, Х(С+5) +65 x(1- $)«c 
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If the shunt is cut off to make S —infinite, then 


1+6. 
dx К+С _ К. 
а, Х+С x С. 
RR 


Again if R is very large compared with G, $20, and 


=-8 or x «ds, р, 
R dx dx 

Procedure. (i) Make circuit connections as Shown in the circuit 
diagram. The Pohl commutator B is to be used with its cross-pieces 


until a galvanometer deflection of about 15 cm is obtained. Note 
this deflection. Reverse the current in the circuit with the help of 
commutator А and note the deflection again. Find the mean of the 


(ii) Now bring the megohm box R in the circuit by throwing the 
rOCker of the commutator B towards R. See if the deflection in the 


) hen X was in circuit, Мое 
this deflection. “Reverse the current in the Circuit with the help of 


the commutator-B, and note the deflection again. Find the mean 
value of the deflection. 
(iii) Repeat the above observations at least three times with three 


different values of S, and every time find the value of X. Then find 
the mean value of X. 


Observations 
Я Deflection with Deflection with Н 
9 X (cm) R (ст) S |082 X Н 
23 біп іп іһ AG 
25 о А | Meg.| Meg. S 2 
а Direct Reverse; Mean | Direct Reverse Mean] О Q E я 
9 с с (ах) с с (dr) 


| 
| 


| 


1 | 500] 200 | 205 2025 | 175 180 | 1775 | 0-8 | 07011 


2 |400| 171 169 | 17°00} 151 | 147 1490 | 08 | 07013 


3 |300| 13-7 139 | 13:80 | 122 120 | 1210 | 0-8 1 


7015 


0:7013 
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Note. (i) The choice of the shunt should be so made that both 
d, and 4, have large values for better accuracy of the result. 

(ii) All the connecting wires should be put on porcelain insulators 
in order that the working table does not introduce any resistance in 
the circuit. 


ASSOCIATED EXPERIMENTS 


1. To perform a suitable experiment to change the range of a given 
voltmeter. 


Hints. А voltmeter is used to measure the potential difference 
between two points in a circuit. Hence it is connected in parallel to 
that branch of the circuit across the two points. И is necessary that 
the voltmeter should draw only a negligibly small current from the 
circuit in order that the potential difference across two points, which 
is to be measured, is not appreciably altered. The resistance of the 
voltmeter must, therefore, be high in order that it may take negligibly 
small current. Hence the main experiment regarding the change 
of the range of the voltmeter is the measurement of the high 
resistance of the voltmeter following the procedure described in 
Expt. No. 13. 

Let XQ be the resistance of the voltmeter, and let its range be 
0—m volts. The maximum potential difference which should be 
applied across the voltmeter is, therefore, m volts. Now we desire to 
change its range by п times, i.e, its range is to be converted to O—nm 
volts. Out of the maximum voltage of ит volts, only m volts should 
be applied to the voltmeter, and the rest should be allowed to fall 
over a resistance of К О connected in series with the voltmeter. The 
value of the required series of resistance will be given by 


m+R =n 
Ү т 


ог +l=n 


>] 


or Е-(п-1)Х. 

If the range is to be changed 10 times, 7 —10, and the required R 
will be 9Y О, a resistance of 9Х © when placed in series with the 
voltmeter will change to ten times. 


2. To perform an experiment to convert the given voltmeter to an 
ammeter of the same range. 
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Hints. The main experiment regarding the conversion of a volt- 
meter into an ammeter of the same range is the measurement cf the 


high resistance of the voltmeter. Е 
Let the voltmeter be of the range 0—m volts, and let its resistance 


be ХО. It can draw a maximum current ог атреге. То соп- 
vert it into an ammeter of 0—7 amperes range, out of the maximum 


of m amperes of current only Y amperes should pass through the 


instrument; the rest m ( - 2) amperes should be by-passed through 


a shunt S connected across the instrument. The value of the required 
shunt is given by 


DIS а, 
Y" Sy» or S+X=SX 
X 1 
—1)2X, Су = ЕЕЕ а 
ог S(X—1)2X уі T 
a 


EXPERIMENT 14. To determine the internal resistance of a cell by 
potentiometer method. 


Apparatus. A stretched wire potentiometer, a Daniell cell, an 
accumulator, a suspended coil galvanometer with lamp and scale 
arrangement, a resistance box of 0—20,000 О, a shunt box, two 
keys, a resistance box of 0—100 О, jockey, and ап ammeter of 
0—0' ampere range. 

Theory. When no current is drawn from a cell, 
difference across its terminals is the e.m f. of the cell. 
is drawn from the cell then the 


the potential 


across its terminals becomes e 
the length 40-і, of the potentiometer wire, 
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Thus, e=hpxI њай 
ег Іші 

----- = р. 
апа r+ ы н í 
where J=current in the wire of the potentiometer, p is the resistance 


per unit length of the potentiometer wire, and B —internal resistance 
of the cell. 


holr . r+B_h 
Lg 5 Or 2 1. 


1 —I. 
or B= a). 
A 


(Fig. 6.32) 


(i) Make Circuit connections as shown in the figure 
given above. Have a resistance of 15,000 Q is the 


Procedure. 
resistance box 

and of 1 Qin S. Keep the key K, D 

Now, press the jockey li 


0 accurately, 
ngement quite sensitive, and find the 


ength /, cm of wires from A to P. Take three 
observations for /,. 
(ii) Now, open К and К. Take outa resistance of 25 of, 
box r. Keep R= 15,000 9. Close іліне 


) : the keys K and Ко, press the jockey 
lightly and move it along the wire to find the Point О on the wire at 


430 A TEXT BOOK OF PRACTICAL PHYSICS 


which the galvanometer deflection is zero. Gradually make the 
arrangement sensitive by increasing 5 and finally closing Ку, and find 
accurately the position О. Note this position, i.e., the length / cm 
of the wires from A to О. Take three observations for Г. 

(iii) Repeat the determination of the point О at r=25 О, 300, 
35 О, 400 and 45 ©, every time noting the current through it by 
the ammeter A. 

(iv) Calculate the internal resistance of the cell corresponding 
to the five values of current drawn from it, 


Observations and Results 


..._._—°"яЙ—| ььчьькнтБн 


No. of r Current 
"obser- l, in cm in through r in 1, in cm BinQ 
Nations о Amperes 
pix. ———— 
ES] see oe (i) 
(іі); Mean 25 0:040 ДІ... (ii); Mean 3:55 
ЕСО ОО iil T TT TE nes (iii)] 529-6 
(i) 
2 (ii) 30 
(iii) 
(i) 
ЕДМ! (ii) 35 
(iii) 
(i) 
4 (ii) 40 
(ili) 
(i) 
5 (ii) 45 
| (iii) 


Graph. Plot a graph with current drawn from the cell on x- 
and the internal resistance of the cell on the y 
conclusion from the graph. 


в ах15, 
-axis, and draw your 
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Note. (1) A change in internal resistance of the cell with the 
change of current drawn from it will be observed. This is due to the 
polarisation of the cell which increases as the current drawn from it 
increases. The polarisation effect is low when the current drawn from 
the cell is small, but in that case p.d. across r will be small and this 
will make /,—/, small. Consequently, the accuracy in the determina- 
tion of B will suffer. Hence a compromise between the current drawn 
and the value of /,—/, is needed. The compromised value of r can be 
known only from the graph drawn with В against the current drawn 
from the cell. 


(ii) Current should be drawn from the cell only for а short time 
in order that the cell may recover quickly. Therefore, K, should be 
closed only for a short time. 


EXPERIMENT 15. To determine the Internal Resistance of a cell by 
Mance’s method. 


Apparatus. А Р.О. box, the Daniell cell, suspended coil galvano- 
meter with lamp and scale arrangement, two resistance boxes, a plug 
key, and a tap key. 


Theory. The figure given below is the diagram of a Wheatstone 
bridge in which the fourth arm contains the cell, and the usual posi- 
tion of the battery or cell is taken 
by a tap key. 

Applying Kirchhoff's law to the 
mesh ADB, 

BI+GI,+Q(I-h)=E .. (1), 
and applying the same law to the 
mesh DCB, 
RU-1)+-PU-1,—1,)—Gh,=0.. (2) 
where Е is the e.m.f. of the cell, Bis 
the resistance of the cell, and G is 
the resistance of the galvanometer. 

From equation (1), 


(Fig. 6.33) 


т= Ё-1 6--01, ; 
B+Q 
After putting this value of J in equation (2), we get 
ВЕ- RILG+ OIR 


= PE—I,GP+QJ,P 
B+O КІ DEO OUI — PIL- Pl- GI, -0 
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or L[RG--(84- 0) R+GP+(P+ С) (В+ Q)] 


=(P+R) Е+ 1. [ВО+ОР-Р (B+ O)I. 
I, will be independent of J,, if 


or 


or 


Q (R+P)=P(B+Q) 
QR=PB 


РЕК 


о в 


This means that if P, О and Rare so adjusted that the relation 


Р 


Pat is satisfied, then whether the tap key is closed or not, the 


current through the galvanometer remains unchanged. After establi- 
shing this condition, B may be calculated from the relation, 


_в 9 
В= К. >: 


Procedure. (i) Make circuit connections as shown in the diagram 


(Tap Key) 


(Fig 6.34) 


given below. Take P, Q and R resis- 
tances from the Р.О. Box, and 
connect Bin the fourth arm of the 
bridge with thick short wires. Con- 
nect one terminal of a shunted gal- 
vanometer at the junction of P and 
О, and the other terminal at the 
junction of Rand the battery with 
a series resistance r of about 50009, 

(ii) Keep all the keys of the shunt 
closed. Take 1000 in both P and 0 
arms and 10 O in R arm, Keeping 
the tap key opened, close the key K. 


Adjust the resistance r, and the shunt S to get a full scale deflection 
in the galvanometer (about 40 to 50 cm). Now close the tap key K 
and see if the deflection in the galvanometer increases or decreases. 
If the deflection increases, then R is more than the value required for 


condition =, but if it decreases, then Ris less than the value 
p 


Q 


required for the balance. Adjust the value of R gradually until out of 
two values of R differing by one ohm if for one resistance the deflec- 
tion in the galvanometer increases, then for the other value the 
deflection decreases when the tap key is closed. Let these two values 


of R be n and n4- 1 ohms. 
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(її) Now make P= 1000 ©, and О=100 О, and adjust К between 
10п, and 10(7+ 1) ohm until for two values of R differing by one ohm, 
the changes in galvanometer deflection are in opposite senses when 
the tap key is closed. Let these values of R be m and m--1 ohm. 

(iv) Make Р=1000 О, and О = 100 and adjust R between 107: and 
10 (m-+-1) ohm until a value of R is reached at which closing the tap 
key does not produce any change in the deflection of the galvano- 
meter. Calculate B from this value of R, and the values of P and Q 
as mentioned above. 


Observations 
F 5 Whether Че ес- ; 
n yn 9 in L шо |tion increased copa 
| о in or decreased О 
100 100 1 10 | decreased В<10 0 
5 decreased B< 52 
2 decreased B< 22 
1 decreased B> 19 
E ee ee a S ННЦ 
1000 100 1/10 20 decreased В<200 
10 increased B>10Q 
18 decreased В<1:8 0 
17 increased В>179 
1000 10 | 1/100 180 decreased |  B«1800 
170 increased | В>1:70 0 
175 increased В> 1-75 9 
176 No change B=176 0 
177 decreased B«r770 


Note. (1) И no change in deflection is noticed not for only one 
value of R, but for several values of the resistance, then the mean of 


all the values should be taken to be the value of R for calculation 
of B. 


(ii) A higher value of P and Q in the experiment is desirable in or- 
der that only a small current is drawn from the cell and hence the po- 
larisation effect is small. It is also desirable to adjust the value of 
R starting from a high value for the same reason as mentioned above 

(ii) A decrease in deflection in the galvanometer is due to j d 
crease in the value of R and also due to polarisation of the cell as i 
current flows through it. But while the decrease in deflection is gra- 


dual due to polarisation, the decrease in deflection, due to a higher 
P. PHY-28 
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value of R than is desired, takes place with a jerk. Hence it is quite 
likely that a gradual decrease in deflection may be noticed even 
if the condition P/Q = R/B has been established. Hence, all that 15 
necessary is to observe if the change of deflection is jerky, and ignore 
any gradual change of deflection that might occur. 


(iv) The key K should be closed only for a short time to enable 
the cell to recover soon. 


EXPERIMENT 16. To measure the internal resistance of a cell by Lodge's 
modified method. 

Apparatus. Daniell cell, a high resistance suspended coil ballistic 
galvanometer with lamp and scale arrangement, a 1 F condenser, 
a plug key, two tap keys and a P.O. box. 

Theory. In Lodge's modification of Mance's method the resistance 
R in series with the galvanometer is replaced by a condenser and the 
shunt S across the galvanometer js replaced by a tap key across it. 
The condenser is charged by closing the tap key across the galvano- 
meter. The potential difference between the points B and D will 
change when the К; is closed keeping K, opened. The cbarge over the 
condenser will thus change. This will result into a sudden flow of 
current through the galvanometer due to which a throw of 
vanometer coil will be observed. If the resistanc 
adjusted to satisfy t i E Я 
кта of polenta ci ons PA then there will be no 

n the points B and D 
when the tap key К, 


the gal- 
es P, О, R have been 


| ‚ So that 
is closed, no throw of the galvanometer coil 
B will be observed. 


Procedure. (i) Make circuit 
connections as shown in the fig- 
ure. Take 100 © in both P and 
О arms, and 109 in R arm, Press 
the tap key K, and then close 
the key K to charge the conden- 
Ser. (Closing K, during char- 
ging saves the galvanometer 
from the damaging effect of the 


charging current), 
Ka. 


Now open 
The galvanometer coil will 


(Fig. 6.35) rëmain 
tap key K, and note the sense of th undeflected. Close the 


m € galvanometer t 
Gi) Now make R high and not Ri 


€ the sense of galvanometer throw 


v 
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when the key K; is closed after charging the condenser again by the 
process described above. Again make A quite low, and note the sense 
of the galvanometer ‘throw when the key К, is closed after charging 
the condenser. Gradually adjust R until twoivalues of R differing by 
10, say n and п--1 О, are obtained for which the galvanometer 
throws are of opposite senses, when К, is closed. 

(iii) Now make P=1000 ©, and Q —100 ©, and adjust R between 
10” and 10(п--1) ohm until for two values of R differing by опе 
ohm, the galvanometer throws are observed in opposite senses when 
the key К, is closed. Let these values of R be m and т--1 ohm. 

(iv) Make Р= 1000 ©, and О-100 and adjust R between 10m 
and 10(т--1) ohm until a value of R is reached at which closing of 
the tap key К, does not produce any throw in galvanometer. Cal. 


culate B from this value of R, and the values of P and О as 
mentioned above. 


Observations 


Make the same table as in Expt. No. 15 having a column for sense 
of galvanometer throw after the column for R. 


Note. (i) During the experiment the tap key K, should be used 
to damp down the oscillations of the galvanometer coil. 

(ii) The current from the cell should be drawn only for a short 
time to enable the cell to recover quickly ftom the effect of polari- 
sation. 


(11) The choice of high resistances for P, О will reduce the polari- 
sation effect. 

(iv) The advantage of Lodge’s modification is that by using a 
very sensitive galvanometer, even a very small potential difference 
between В aud D can be detected. 

(у) The method has also the advantage that here one has to ob. 


serve the throw and not a change in deflection which becomes incon- 
venient, when the charge tends to be very small. 


EXPERIMENT 17. То construct an one ohm coil using a Carey Foster's 
bridge. 


Apparatus. A meter brid 
Foster's bridge, standard 
jockey, two У- 


ge with four gaps to be used аз Carey 
one ohm coil, P. O. Box, commutator, 
shaped copper plates, german silver wire. 
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Description of special apparatus. CAREY FOSTER'S BRIDGE : 


`.бар 3 
YT. 
n 


EI! l 
к 
А 1 ашы 


(Fig. 6.36) 


The circuit diagram of a Carey Foster bridge has been shown 
above. It uses a meterbridge of four gaps. The middle gaps (2, 3) 
have equal resistances P and Q. The left gap (1) has a resistance box 
Х and another resistance У is placed in the right gap (4). Let the 
null point be obtained at Л, at a distance of / cm from the left end 
of the bridge wire in this situation. On interchanging the resistances 
X and Y, let the null point be obtained at Jz, at a distance of /' cm 
from the same left hand end of the bridge wire. If p be the 
resistance of the bridge wire per cm, then the difference between X 


and Y is given by X- Y2p(I' -1). 
To determine p, Y is made zero so that 
E.A 
ттт 


А Carey Foster bridge is quite useful in finding out the difference 
between two resistances of nearly equal value. 


| Theory. Let L cm be the length of a sample of german silvet 
wire whose resistance as measured with a Р.О. Box is В” о. Hence 2 


ва L 4 : : 1 
mple of length g m will have a resistance of 1 O. In practice it 


may not be exactly one ohm.. Henc il, а 
sample of length somewhat smaller Ad Biss send ; i ug 
be rubbed by sand paper to gradually increa ув 
The sample will form the resistance 
and the resistance Х will be a standard 
becomes equal to X, l’ — I becomes zer 


se its resistance to 1 9. 
Y of the Carey Foster bridge 
9ne ohm coil so that when 

9, i.e. ] becomes equal to /'- 
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The measurment of p is required to find the difference between the 
resistance of the coil prepared and the standard one ohm resistance. 
For this purpose the resistances P and О are each made equal to one 
ohm. А thick copper strip of zero resistance is connected for Y. Then 
resistance in the box X is adjusted so that the null point J; is at a 
distance of nearly 5 cm (or even less) from the left end of the bridge 
wire. This is noted to give /. The copper strip and the resistance box 
are then interchanged and the null point J, is obtained. This is noted 
to give l’. From the / and l’ thus obtained, р is calculated putting 
Y —0, and X —the resistance taken in the resistance box X. 

Procedure 1. A sample of german sliver wire of about one metre 
was taken and its length was measured. Its resistance was measured 
with P.O. box following the usual procedure of resistance measure- 
ment by P.O. box. 


2. The length L cm out of this 
wire required to have a resistance 
of 1 ohm is then calculated. А 
length about 10% less than this 
length is then cut and its ends are 
soldered to two V-shaped copper W 
plates (Fig. 6.37). (Fig. 6.37) 


3. A Carey Foster's bridge as shown in the figure above is set 
up. Two thick copper strips are connected to the Ist gap and 
the 4th gap so as to make Х- Y=0, and a one ohm coil is put in 
each of 2nd and the 3rd gap making Р=О=1 Q. Null point on the 
bridge wire is then determined by shiting the jockey over it, for both 
direct and reverse currents, making use of the commutator. This 
determines the null point for the equality of X and Y. ТЕ it b 
at a distance /, cm from the left end of the bridge wire. i 3 

4. The two copper strips are now removed. The gap 4 is n 
filled by connecting the sample wire (the coil) whose resistan p 
about 10% less than 1 О, and the gap 1 is filled by a standard опы 
coil. The jockey is then moved over the bridge wire to find the ‘iil 
point J, at a distance of / cm from the left end of the bridge wire 
This is obtained for both the direct and the reverse currents making 
use of the commutator. The average of the two as the value of 1 is 


used in calculation. As the resistance i 
9 of the sample w; Sy 
less than 1 О, J will not be equal to I. ple wire (the coil) is 


5. The wire is gently rubbed by a sand paper to increase its 
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resistance and after every rubbing the new null point J, and hence 
the new value of / is determined until / becomes equal to /, when the 
coil closely attains a resistance of one ohm. 

6. Now interchange the positions of this coil and the standard 
one ohm resistance in the bridge. Find the null point J, and note the 
distance /” of the null point from the left hand end of the bridge wire. 
This is obtained both for direct and reverse currents, making use of 
the commutator Use the average of the two as the value of Г. 


7. Determine p by the procedure outlined in the theory portion 
ofthisexperiment. Calculate the resistance of the coil (У) by 
Y=X-+0(l’—I)=1+4(l'—). 


If the value of Y does not exceed 1 © by more than 1%, the coil 


is well prepared. But if it exceeds 1 Q by more than this, its needs 
further rubbing to bring its resistance very close to 1 Q. 
Observations 
(i) Resitance of the sample of length L 
=94-0 cm by Р.О. Box. 


Sense of the 
P Q P/Q R ETE Conclusion 
о 
Pea ae pe rni et 
100 100 1 со Right R'«oo 
0 Left R'20 
10 Right К'<100 
5 Right К' >50 
3 Right R'<3 Q 
2 Left R'>2Q 
a a eee O 
100 1000 1/10 30 ; ; 
| 20 Lh |®<зоо 
28 Right R'<28Q 
27 Left к<270 
E—————— М. 
100 | 1000 Q 1/100 280 Right К'< 2.80 Q 
270 Left R'>270 Q 
275 Right В'< 2:15 Q 
274 Right R'<274Q 
273 Null В'=2:73 9 
272 Left R'>272Q 


Length of wire required for Preparing | Q coil 


940 74 
7333 =34 43 cm. 


90% of this length = 30:99 cm. 
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(i) Determination of /, : 
X20, Y20, P219, Q-10. 
co LAM ы ма goa ж eee б 


No. of Null point Null point with 
Obs. with direct reversed current (cm) Mean null point (/)) 
current (cm) 


1 50-3 500 

2 502] ә 50-0 (2 50-12 ст 
3 5017S 50-1 (5 

4 501) 501) % 


(ii) Determination of / for Y close to 1 0: 
Р-10,0-10, Х-10. 


ee 


Null point on gradual 
rubbing of the wire 


(cm) 
Conclusion 
Direct Reversed Mean 
Current current (cm) 
40:90 40°70 40°80 ¥>1'0, 
48:60 48:60 48:60 Y>1Q 
49:20 49:10 49:15 Y210 
49:85 49:83 49:84 Ү>10 
4990 49:85 49:88 Ү>10 
я [50-10 e (50:15 
ЧЕН) 21010 50-13 Y>1Q 
% (50:10 © (50:15 


(iii) Determination of /' : 


м 


Null point with Null point with 


\ Mean null 
No. of obs. direct current reversed current point (/”) 
(cm) (cm) 
EGER 
1 50:40 уш 50°45 
2 504512 505500 . 
3 50°50 | 50-50) Я hb 


— мл | ЭШ 
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(iv) Determination of p: 


РЕВО О'=ТО, Y=0'0: 
a -лмманақтансаланаі 


l in cm l in cm 
No. of obs. | Xin Q | 
Direct |Reversed| Mean | Direct | Reversed | Mean 
current | current current | current 
1 22 4:20 4:30 4:25 9610 | 96:00 96:15 
2 4:30 4°40 4:35 9590 | 96:10 96:00 
4:10 4:20 415 96:00 | 9610 96 05 


Mean /, -4:25 cm. 
ж 1=96'07 cm. 


po et ee uA — 
l-h  9607—425 9172 
—0:022 ohm/cm. 
Hence Y —1--0:022 (50:47— 50:13) 
--1--0:007 
=1:007 о. 
% departure from 1 Ф = 0:79. 
EXPERIMENT 18. To determine the conductivity of an Electrolyte, 
Apparatus. Meter bridge, electrolytic cell, headphone, jockey. 
buzzer or low frequency oscillator, rheostat, resitance box. 
Description of special apparatus. ELECTROLYTIC CELL : It is an 
U-shaped glass tube in which the electrolyte is filled. Tt carries two 
copper electrodes E, and Е,. The diameters of E, and E, are equal 
and slightly less than that of the tube. They can be shifted in posi- 
tion inside the tube and their position can be marked by thread or 
rubber rings on the outside of the limbs of the U-tube. The top end 
of the electrodes carry binding screws with which they are connected 
in circuit. 


Theory. A sample of electrolyte of length L metre and cross- 
Section A square metre has a resistance R ohm, so that 


1ш „4 
ВК Мо, 


where К is the ‘conductivity’ of the electroly:e. Hence 


L 
k= -1 
R Mho m а 
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(i) Determination of A : 


R is determined by the method of determining resistance with a 
meterbridge. 


Buzzer & 
or LF oscillator 


(Fig. 6.38) 


If the minimum sound is obtained when the jockey is at a dis- 
tance of / cm from the left end of the bridge wire, then 


R 1 IP 


Poor? 719-1 

И the resistance of the electrolyte for the points 1 and 3 of the 
electrodes E, and E, respectively, be К, О, and if the resistance of - 
the electrolyte for the positions 2 and 4 of the electrodes E, and Жы 
respectively be R, Q, then 

L-—L,4Ls; and R= R,— R}. 

‘A’ will be taken to be the mean cross-section of the ele ctrodes 
and neatly equal to the internal cross-section of the tube., 

Procedure. 1. Weigh about 5 gm of copper sulphate (CuSO,, SHO) 
and on a filter paper by first of all counterpoising the filter paper 
then the salt on filter paper. Let the weight of the copper sulphate 
be W gm. "Transfer this to a cleaned and dry measuring jar and add 
distilled water to it gradually to dissolve the copper sulphate. Add 
more distilled water to make the solution 100 c.c.' in volume. The 


о. 


strength of this solution is dog gm/c.c. 
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2. Clean the electrolytic cell with dilute nitric acid and then 
remove the acid by cleaning the cell several times with tap water. 
Then wash it with distilled water and in the end by a small amount 
of the solution. 

3. Arrange four thread rings or rubber bands 1, 2, 3 and 4, two 
on each limb of the cell. Fill the cell with the solution prepared. 
Push ia the stoppers with the electrodes in the limbs of the cell. Fix 
the cell vertically to a wooden clamp and stand. 

4. Measure the distance between the thread or rubber rings 1 
and 2, and 3 and 4 by using a divider and a metre scale. Connect 
the terminals of the cell to the terminals of the left gap of the meter 
bridge and the resistance box R to the right side gap. Connect the 
headphone, the jockey, the buzzer or the LF oscillator, and the 
rheostat as shown in the circuit diagram. Set the electrodes Е, and 
E, at the positions 1 and 3. 

5. Put the headphone to your ears and switch on the buzzer or 
the LF oscillator to hear a sound. If a buzzer is used, it should be 
placed at some distance so that its direct sound is weak. Press the 
jockey on the bridge wire at the 50 cm mark and adjust the resis- 
tance in resistence box P to make the sound minimum. 


6. Move the jockey over the bridge wire to find the range of 
the length in which the sound is minimum, Take the mean position 


over this range as the value of / and calculate R, by == Е 
100—/ 

7. Interchange the cell and the resistance box P in their gaps. 

Move the jockey over the bridge wire to find the Tange of minimum 

sound. Take this mean position over this range as the value of / 


and again calculate R, by В, = 2090-0 о. 


8. Take the mean of the two R, values, 


9. Set the electrodes E, and E, at the positions 2 and 4 and 
determine R, by the same process as used for Ri: 


10. Calculate R= А, — R, and LLL. 


11. Repeat the experiment for at least 


five different c ions 
of the electrolyte. к 


12. То determine A, clean the electrolytic cell with tap water, 
and take water in it between the marks 1 and 3. Transfer this water 
in a measuring cylinder and find its volume Vi. Then take water in 
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j the cell between the marks 2 and 4 and similarly find its volume Vs. 
The volume in lengths Z of the се! =, — Уз from which obtain 
СИ 
А= I 


In case the two quantities of water are not sufficient, determine 
V, and У, by weighing the two quantities of water. 


Observations 
| a РР a DHL by ао 
| Observations for Ist concentration : 
я Weight of filter paper=...... 
Weight of filter рарег--соррег sulphate=.... 
Weight of copper sulphate=...... =W em. 
Concentration of the solution = C= do gm/cc. 
Measurement of R, and R,— 
po ————————_———_—. 
Measurement | Position of | P in Range | Mean / | 100— 
of R, ог К, the cell | ohm for | 5 4 Vale: oF T 
In 
R, left side gap 
R, In right side 
gap 
м Р, In left side 
gap 
К, In right 
side gap 
Mean R,=....ohm 
” R,=....ohm 
R=R,-R.=.... 
(Similarly take observations of R, and R, for other concentrations 
of the electrolyte.) 
Volume of water between mark 1 and 3=....=И, 
b T » ә 2and4=....=Vo. 
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Result, 
= eases Mho шті 
KR Sarees 
and at the concentration C=...... gm/cc 
T ees kg/m? 


Determine similarly K for other concentrations. 

Plot a graph with K against C. 

K will be found to increase with C. 

Note. (i) A d.c. source is not used in this experiment as it will 
electrolyte the solution. 

(1) Instead of a U-tube cell, a straight cell may also be used. 


EXPERIMENT 19. To determine the Mechanical Equivalent of Heat (J) 
by Electrical method. 


Apparatus. Joule’s calorimeter, an ammeter of 0 - 5 атреге range, 
a voltmeter of 0— 6 volt range, a stop-watch, a sensitive thermometer 


-of 0— 50°C range, a weight box, a rheostat anda storage battery of 6 
volts. л 


Description, JOULE’S CALORIMETER : It is a nickel plated copper 
vessel having an ebonite lid to which are attached two binding screws 
connected to two thick copper leads. The copper leads are connected 
to a resistance wire of manganin. There are holes in the lid of the 
calorimeter to insert a stirrer and a thermometer. The calorimeter 
is usually suspended inside another copper vessel and the whole 
arrangement placed inside a wooden box. 


Theory. The amount of work done when a current of J amperes 
is passed through a wire of resistance R ohm fort seconds is given by, 
W=I?Rt Joule 
—EIt Joule 


where £ is the potential difference maintained at its ends, measured 
in volts. 


This amount of work appears in the form of heat. If the heat 
‘generated is used to raise the temperature of m kg liquid of specific 
heat capacity S calorie per kg per Kelvin from 69С to 0,°C when 
placed in calorimeter of water equivalent W kg then, 0,—9, —rise 
in temperature in Kelvin and W — EIt —J (ms-- w)(0, — 0,). 


№ ЕЙ 
J = (ms wX6; 9) Toule/calorie. 


> 
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Procedure. (i) Weigh the empty calorimeter, the stirrer, and the 
copper frame carrying the resistance wire. Then fill up the calori- 
meter up to about $ with kerosene oil, and weigh it again together 
with the stirrer and the copper frame carrying the resistance wire. 

(ii) Now make circuit connection as shown in the diagram given 
below. 


rne 


Rheostat 


це Sltírrer 


(Fig. 6.39) 


(iii) Close the key К and adjust the rheostat to read a current of 
3 amperes in the ammeter. Open the key K and let the calorimeter 
cool for about 15 minutes before restarting the experiment. After 
15 minutes if the thermometer reading does not change, note 
the temperature of the liquid and its container by reading the thermo- 
meter at least three times at intervals of one minute. Now close the 
key К and start the stop-watch simultaneously. Keep on stirring 
the liquid with the stirrer and go on reading the ammeter and volt- 
meter at intervals of 2 minutes. 

(iv) When the temperature has increased by 5?C above the initial 
temperature, open the key and stop the stop-watch simultaneously, 
Note the time ¢ secs. during which the current has flown from the 
stop-watch. 

(v) Go on stirring the liquid and noting the temperature of the 
liquid at intervals of $ minute till the temperature has fallen about 
3 degrees below the maximum temperature recorded. Apply radia- 
tion correction to find the actual final temperature of the liquid and 
its container together with its associated parts. (For the procedure 
of radiation correction see the Section on Heat.) 
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Observations 


Weight of the calorimeter, stirrer and the copper frame carrying 


> resistance wire —...... = W, kg. 

Weight of k. oil, calorimeter, stirrer and the copper frame carry- 
‚ the resistance wire=...... = W, kg. 

Weight of k. oil- W;—W; Кр=...... kg 


Specific heat capacity of k. oil=520 cal. per kg per Kelvin. 

Specific heat of calorimeter and its associated parts = 94 cal, per 
kg per Kelvin (copper). 

ао 

Ammeter readings Voltmeter readings 

„=A l a АСА 


Interval in minutes 
EN Раз 


Mean of the ammeter readings— ...... =I amperes. 
Mean of the voltmeter readings=...... = Е volts. 
Time of flow of current=...... =t sec. 


Temperature readings. 
Readings of initial temperature = 281°C 
2809С 
28 0°С } Initial temp. 
28:09С 
Reading for radiation correction to get the final temperature — 
Same table as in the Heat Section. 


Calculations and Result. 
W-EIt Joule=...... Joule. 


Water equivalent of calorimeter and its 
associated рагіѕ = 94х И, 


РИТА kg=W kg 
08-Ф-....Кеуіп 
H=(W,—W,+W)x0°51 (0,-6)) 
и 
qui РЕКЕ 4625 Joule/cal. 


Hoo 
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Note. (i) As the e.m.f. of the battery and the resistance of the 
resistance wire of the calorimeter will change a little during the 
experiment, the ammeter and the voltmeter readings will also change 
by small amounts during the experiment. However, good accuracy in 
result is obtained by taking the mean values of ammeter and volt- 
meter readings for the purpose of calculation. 

(ii) A small amount of inaccuracy will result if radia tion correc- 
tion is not made for the final temperature. 

(11) The accuracy of the result will improve if the ammeter, and 
voltmeter are calibrated before they are used. 

(iv) A correction for the finite resistance of the voltmeter may be 
made in the following way : 


If R Qis the resistance of the voltmeter, then, while it gives a read- 


Е Е Қ... 
ing of E volts, it draws а current of ж amps. So the current in the 


. E vade 
resistance wire of the calorimeters = (1-2) amperes. It is this value 
of current which should be used in calculations, and not the ammeter 
reading. 

(v) Use of water as a liquid in the calorimeter may be avoided, 


if possible, on account of its high specific heat, and its capability of 
being electrolysed. 


EXPERIMENT 20. To study the characteristics of a semi 


-conductor Diode 
(under foward and backward biases), 


Apparatus, Six dry cells, a rheostat of about 200 Q, а voltmeter 
of range 0—10 V, a milliammeter of 0— 100 mA range, semi-conduc- 
tor diode (0475 ог 05— SMI or any other), a tap-key. 


Description of special apparatus. SEMI-CONDUCTOR DIODE : It is 
usually made as a function of n and p types of germanium or silicon 
materials. When the p-material of the diode is biased positively and 
the n-material is biased negatively, a current flows through the p-n 
junction from p to n material. Such a bias across the junction is 
called the forward bias. If the p-material is biased negatively and 


448 A TEXT BOOK OF PRACTICAL PHYSICS 


the n-material is biased positively an extremely feeble current flows: 
through the junction from и to р material. Such a bias across the 
junction is called the backward bias. , 


Theory. Under a forward bias a p-n junction allow a flow of 
current through it which increases with the magnitude of the bias. 
However, the increase is not linear as such the p-n junction offers 
non-ohmic resistance. 


An ordinary semi-conductor diode gives a negligible current 
under a backward, but a special type of diode, known as the ‘Zener 
diode’ gives a very large current at a relatively large voltage which 
known as its break-down voltage. 


Procedure. 1. Using the dry cells arrange your circuit as shown 
in the figure given below. To 
connect the diode in the 

CHdHHH-7M^-— circuit under forward bias 

Dry cells sue ascertain first of all as to which 

/ end of it is p and which end of 

it isthe n side. For this purpose 

take a multimeter and set it in 
the position of ohm-measure- 

1 жел ment. Put the red terminal of 

(е) (c) the meter in contact with one 

(Fig. 6.40) terminal of the diode and 

touch the other terminal of the 
diode with the black terminal of the multimeter. If the meter shows 

a large deflection, then the terminal of the diode in contact 

with red terminal of the multimeter is the p terminal. But if 

the deflection is very small, it is the m terminal. Connect the diode 
in the circuit such that its p terminal is towards the positive pole of 
the battery. 

2. Press the tap key and make the voltmeter reading 1 volt and 
take the milliammeter reading. This is a reading under forward bias 
of IV. sal 

3. Go on increasing the voltmeter reading by 1 volt by adjusting 
the rheostat and take the milliammeter reading everytime. 

4. Now disconnect the diode and connect by reversing its termi- 
nals and take the milliammeter reading under the reversed bias 
condition at the reversed biases of 1 V, 2 V....etc. by pressing the 
tap key and adjusting the rheostat. 


Rheostat 


a ——=————==—у —— 
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Observations 
(i) Under forward bias : 


Forward |Diode current | Forward dynamic 
No. of bias volts (mA) resistance 
Obs. (V) - AV 
VEA 
1 1 
2 2 
3 3 
10 10 L 
| 


(ii) Under backward bias : 
—_—_—<$—<$—$— — 
No. of Backward Diode | Backward 


Obs. bias volts | current dynamic 
(У) (mA) Tesistance 
1 —1 
22 -2 ү 
5 —5 


Results, Draw a graph with forward current against the forward 
bias. Determine the slope of the curve at the different forward bias 


m т d ; : 
This will give AY at different bias voltage. From this Obtain the 


5210. Булы; 
forward dynamic resistance ХАҚ at different У, and draw Ку 


graph. 


х--ь 


5% 


0 = 
. у--> 
(Fig. 6.41) (Fig. 6.42) 

Draw your conclusions from the graphs and the observations. 

(i) As the forward bias increases, the diode current first increases 
slowly and then quickly. 


T. B. P. Р.-29 
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(ii) With the increase of forward bias the forward dynamic resis- 
tance decreases. 


(iii) The backward diode current is negligible at ordinary back- 
ward biases. 


Precaution. Do not use a large backward bias otherwise the diode 
will be damaged. ` € 

Note. 1. If a stabilised power supply of low variable D.C. voltage 
with a built in voltmeter is available, the circuit arrangement will be 
more simple as shown in the figure given below : 


f (Fig. 6.44) d 
2. To note the diode current at the backward biases, it is advised 


to use a microammeter of range 250-0-250 microamperes. 


EXPERIMENT 21 А. To draw the characteristics of .a transistor in 
common base configuration and to obtain its current 
gain, a. 

Apparatus. А p-n-p transistor (or n-p-n transistor), a voltmeter of 
0—1 V range, a voltmeter of 0—10 V range, two milliammeters of 
0—1 mA range, plug keys, a variable D. C. source of 0—2 V, and 
another variable D.C. source of 0—6 V. (The sources may be stan- 
dard power units or may be made from batteries and rheostats.) 

Description. TRANSISTOR : А p-n-p transistor is made of n-type 
of germanium or silicon wafer sandwitched between two p-types 
of germanium wafers. One of the two 
p-materials is called the emitter and the 
other is called the collector. The inter- 
mediate n-material is called the base. 
The three elements аге encapulated 
with their terminals coming out the 
bottom of the device. There is a dot 
mark on the body towards the collector 
terminal. The base terminal is recognised 
as the terminal near the collector and 
the third terminal is then the ‘emitter 
(Fig. 6.45) terminal. 


=) 
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Theory. The variation of collector current (/,) which is the 
current between the collector and the base, with collector to base 
voltage (Veb) at different emitter currents (1) (currents between the 
emitter and base) are shown, by a family of curves known as the 
output characteristics of the transistor in common base configura- 
tion in which the base is common between the input and the 
output circuits. 


The variation of emitter current (7) with emitter to base voltage 
(Va): at different collector to base voltages (Vey) are shown by a 
family of curves known as the input characteristics of the transistor 
in common base configuration. 


The variation of collector current (Ze) with emitter voltage (Те) 
at different collector to base voltages (ve») are shown by a family of 
curves known as the output-input characteristics of the transistor 
in common base configuration. The slope, Д/Д of any such 


curve at any 7, gives the current gain, a of the transistor for the given 
I, and Voy. 


a ae a ie 4 


02V Variable 
П.Г, Source 


Ee ee 


D.C.Source 


(Fig. 6.46) 


Procedure. 1. Carefully note the terminals of the t 
and make circuit connections as shown above. 


2. Keep the key K, open to make 7, —0, and switch o 
adjust Ve to minimum readings. Note /.. Graduall п К, and 


by steps of 1 V from 0 V to 6 V and note Те for every mo Veo 
3. Now switch on К; and adjust И (using the theostat) to get 


1,—0'5 mA. Keeping Je at this value, by adjustment of 

every time, read J, at Vo from 0 V to 6 V at intervals of 1 быры. 
4. Repeat the above observations at Те=1*0 mA, 1:5 mA 2:0 

and 2:5 mA. These data will provide the output characteristics x 

the output-input characteristics, 


5. For input chracteristics, take readings of 7, at differe Р, 
keeping Ve fixed at 0 V, 1 V, 2 V and 3 V. nt Ve by 


6. Draw 06- ад, беш. Ge Lo)s and (1-1), 


1 =c onst. cb=const+ 
family of curves and from Gc— Is. , Curves calculate а at different 
à : 


I, and Vo. 


WO transistors 
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Observations 


No. on the transistor : J-—V,» data at different 1,- 
Тс (Readings): 


1, 
(mA) At At At At At At 
Vev=0 Veo=1V Va-2V | Ve at Voo=4V | Va=5V 


, ЕН 


05 


ro 


r5 


2:0 | 

2:5 

—_ 2-76 | 1 0 L 0 LL ее Pe 2 
I, — Ve data at different ИУь— 


I, (Readings) 


Veo 
v) At At At At At 
Veo=0V Иь=0:1У Иь=0"2У | Иь=0’3У | Vev=0'4V 
0:0 | 
—j0 
NN т Зы 
--20 
— уы À 2| u.s |` ПИШЕ 
—3:0 
Results. 
1.22.5mA 
| — 1 =0.5тА 
| 1.=0тА 
с 
06 
Уа---- 
Output characteristics Output-input characteristics 


(Fig. 6.47) (Fig. 6.48) 
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Уь=-3.0\ Vey =-2.0V 
Мь=0У 


Veb — 


Input characteristics 
(Fig. 6.49) 
Calculation of o. 

1 ІҢ ЖЕ Шоғыр есен E 
Ч) , Е Т-- 200, dE. oes 
> [à At Poche meet iu 
“Катер 42-5 Do; 8-7 
j E рта 
Жш nel Do; “=... 

а will be found to Бе almost independent of Ve» and Те, and it will 
have a value slightly less than 1. 

EXPERIMENT 21 В. To draw the characteristics of a transistor in 
common emitter configuration and to obtain its 
current gain, В. 

Apparatus. A p-n-p transistor (or n-p-n transistor), a voltmeter of 
0--1 У range, a voltmeter of 0—10 V Tange, a micro-ammeter of 
0—200 pA range, a milliammeter of 0—10 mA range, plug keys, a 
variable D.C. source of 0—2 V, and another variable D.C. source of 
0—6 V. (The sources may be standard 


power units or may be made 
from batteries and rheostats.) 


Theory. The variation of the collector current (10) (which is the 
current between the collector and the emitter) with collector to 
emitter voltage (Ус) at different basc currents (I5) (currents between 
the base and the emitter) are shown by a family of curves known as 
the output characteristics of the transistor in common emitter con- 
figurationin which the emitteris common between the 
the output circuits. 

The variation of base current (Jp) with base to emitter voltage 
(Foe) at different collector to emitter voltages (Уш) are shown bya 
family of curves known as the input characteristics of the transistor 
in common emitter configuration. 

The variation of collector current (Ie) with base current (15) at 
different collector to emitter voltages (Ус) are shown by a family of 


input and 
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curves known as the output-input characteristics of the transistor in 
common emitter configuration. The step A of any such curve at 
b 


any Jp gives the current gain В of the transistor for the given 
І, and Vee. 


ЕШ 


тЕ----------ң 


I eee L ap ao = co me a =. 

0-2V Variable 0-6V Variable 

U.C. Source D.C. Source 
(Fig. 6.50) 


Procedure. 1. Carefully note the terminals of the transistor and 
make the circuit connections as shown above. 


2. Keep the key К, open to make /,=0. Switch on К, and adjust 
Vee to minimum reading. Note Ie. Gradually increase Vee by steps of 
1 V from 0 V to 6 V and note /, for every Vee. 


3. Now switch on К, and adjust V, using the rheostat to get Tv 
=50HA. Keeping 1) at this value, by adjustment of the rheostat 
every time, read J, at Vce from 0 V to 6 V at intervals of 1 V. 


4. Repeat the above observations at /,= 100 HA, 150 HA, and 


200 нА. These data will provide the output characteristics and the 
output-input characteristics. 


5. For input characteristics take readings of 1, at different Vve 
keeping Vee fixed at 0 V, 1 V, 2 V and 3 V. 
6. Draw (I. — - 
n ( 1 uh ш е) ЖҰЛА апа M-I) соты 
family of curves, and form (Ic—In) , curves. Calculate В at different 
с 
Ть апа Vee. 


—— 
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Observations 


No. on the transistor— 


I; — Усе data at different J5— 
Lc c ———— S 
Ie (Readings) 


(ША) v abe | . At At At At At 
Vee=0V | Vee=1V Vee=2V | Vee=3V | Vee=4V |Ие=5 V 


Iy— Voe data at different Vee— 


ee 


1» (Readings) 


At At At At At At 
Voe=0 У | Voe —01 V | Иш=0:2 У | Vee=03 У | Vpg- 04 У [И =0-5 V 
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' increase of anode voltage. Under this condition the current is said 
to be ‘space charge-limited’. Afterwards, the anode current increases 
only by a very small amount even though the anode voltage is greatly 
increased. In this condition the valve is said to be operating under 
*temperature limited condition'. 

The characteristic curve ofa diode Ваза straight portion shown 
by AB in the figure given above. The a.c. resistance of the diode is. 
defined as the reciprocal of the slope of the characteristic curve, i.e., 

Ra= А.С. resistance of the diode 


EY? 
Ada 


_ (Vah at A — (Va) at Bo 
(Ia) at A—(Iq) at B. ` 
The value of А, is obviously constant in the straight portion of 
the characteristic curve. 


Procedure. (i) Make the circuit conections as shown in the Fig. 
6.57 after identifying the pins of the diode for a directly heated diode 
valve; otherwise for an indirectly heated diode valve make circuit 
connections as shown in Fig. 6.58. 


Anode 
2 


` Filament 


(Fig. 6.57) 


(ii) Starting with the maximum resistance from the rheostat iD 
tge filament circuit, plug in the key К, and then adjust the filament 
current to half its permissible value for the given value. 

(iii) Now connect the H.T. and adj 
to the plate (anode). Plug in the key 
auode current and anode voltage 
voltmeter respectively. 


ust in to give about 10 volts 
Ks, and take the reading of 
from the milliammeter and the 


4- 
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(iv) Now go on gradually increasing the Н.Т. by 10 V and note 
every time the value of the anode current and the anode vóltage. 
(v) Repeat the above readings for three-fourths and full value 
of the permissible filament currents, 
(vi) Record your data in the tabular form as shown below : 


Observations 


NOTOS rilament u Plate SUUS. (1а) m mA 
obser- current | | 
vations in MA | Va=10 V| Va=20 V| . | ...... НИС 


Graph. Draw graphs with plate voltage V; on x-axis and plate 
current Га on y-axis keeping the origin at 0—0. Three curves for the 
three filament currents will be obtained. ‹ 

Calculations and Results. Locate the straight portions on the three 
characteristic curves, and find the value of the a.c. resistance of the 
valve from the curve. 

Conclusions. Draw your conclusions from the characteristic 
curves about the variation of plate current: with plate voltage and 
filament current in the different portions of the characteristic curves. 

Note. (i) If an indirectly heated diode valve is used, its circuit 
connection will be as shown in the figure given below where the 


(Fig. 6.58) 
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‘filament is directly connected to a 6 volt battery or 6'3 V A.C. ter- 
minals of Power Pack because such a valve is generally operated at 
a filament voltage of 6:3 volts. 6:3 volts out-put may also be obtai- 
тей from a.c. main by using a stepdown transformer. H.T. may also 
be available in the power pack. 

(ii) In the absence of a diode, atriode maybe converted into a 
diode by connecting the grid to the plate. 

(iii) The point P on the Н.Т. should be the +ve terminals and not 

‘the —ve terminals of the Н.Т. battery or Power Pack. 

EXPERIMENT 23. To draw the characteristic curves of a triode yalve 
and to determine its amplification factor, dynamic 
plate resistance, and mutual grid conductance. 

Apparatus. The triode valve, a milliammeter of 0—25 mA range, 

a voltmeter of 0—200 V range, a voltmeter of 0—6 У range, another 

milliammeter of 0—250 mA range, two rheostats; one of these being 

ofabout 20 0, a high tension (H.T.) battery or stabilised Power Pack 
of about 200 V (variable), two low tension batteries of 6 volts each 

(6:3 V A.C. terminals and D.C. Bias terminals are also sometimes 

"available is a Power Pack, as in Fig. 6.62), and a Pohl commutator. 

Description. TRIODE VALVE : А triode valve consists of three 
electrodes : the anode, the grid and the cathode placed in an evacua- 
ted enclosure of glass ог metal. The cathode ma 


the cathode; and the anode is a holl 
Tn a directly heated triode, cathode 
indirectly heated triode the catho 
surrounding the filament with its 
Strontium oxide. Connections fr 


‘current of a triode valve varies with th iati edel 
voltage, and the grid voltage. The fa 
variation of anode current with grid 
tages is one set of characteristic curves i 

“set of characteristic curves of the triode ч ж" bs: pie 
ing the variation of anode current with anode volte UNES s 
grid voltages. These characteristic curves һауе th Was 

in the figures given below : uso 
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~ 


9%; V» О —>Vy TPP 
Ig- Vg(Curves) 


Ia- Vg (Curves) 
(Fig. 6.59) (Fig. 6.60) 
The ratio of the change in anode voltage to the change in grid 
voltage needed to maintain the plate current constant is called the 
к amplification factor, н, of the valve. It may be written 


eV, 
"= ( SP ) at Ia constant. 


Referring the Ја — V; curves for V4, and Vas, 
8Va,—8Vai— Уа and ФУ; = И-И for current to remain 
constant at Ja;. 
H= Уа —Vas 
Ра E Ра ў 
Referring to the Ja — Va curves for Vg, and Viss 
5Уа-Ра-Раз and 8V,-V,— Vga for 


current to remain 
constant at Taz. 


p= Va- Vas. 
Vg = Vg. 
Ж The ratio of the change іп anode voltage to thec 


Onsequent change 


nt, is called the 
It may be written as 


in anode current, grid voltage remaining consta 
dynamic plate resistance of the valve. 


Ra=( Уа at V, constant. 
òla 


Referring to the 7; — V; curves for Va, and Уда, 
8V4 = Уа — Газ and Га = Газ – Га at constant — V 


91 
Иа = Ид» 
а а 
1o aero 
Referring to the /; —V, curves for Vis 


8V«— Va Газ and 51, = Г, — I4, at constant — Уз. 
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The ratio of change in anode current as a consequence of change 
in grid voltage at a constant anode voltage is called the mutual grid 
conductance of the valve. It may be written as 


at Y constant. 
a) а t 


Referring to the Ја — Fy, curves for Га, 
8I, = 1а Га and 8V,— Ур – Vg at Va; constant. 
ы 1аз— Tay 
Vg = Ра 4 
Referring to the Ja—V a curves for Vj, and V, 
8I; = Таз – Га and 98V; —Vj4 —V g at Va, constant. 


gm 


Theoretically, 


(Fig. 6.61) 


Procedure. (i) Carefully note the pi 
445 Е ерш i 
circuit connections as shown in пее 6 sof the triode, and make 


6.61, 
(ii) Now close K;. 


(iii) Now throw the rocker of the Po 4 
side to apply a negative potential ва on the чы 
cathode. Plug in the key Ку. Adjust the rheostat to t T espect to the 
of —5 volts. Conriect the point P of the anode ci get a grid voltage 
terminal H. T. and adjust the H. T. to get dj to the PORTS 
about 10 volts. Now plug in the key К, and anode voltage о 

node voltage and anode current, note the grid voltage, 
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(iv) By further adjusting the Н.Т. in steps of 10 V, apply 
different potentials to the anode and note the plate currents for the 
different plate voltage while the grid voltage remains fixed, 

(v) Now change the grid voltages to —4 volts by adjusting the 
rheostat and get another set of observations for anode voltages and 
anode currents. 

(vi) Also get observations of anode voltages and anode currents 
at grid voltages of — 3, —2, — 1, and 0 volts. 

(vii) Now throw the rocker of the Pohl commutator on the ]eft 
and get observations of anode voltages and anode currents at grid 
voltages of +1, and 4-2 volts. 

(viii) Enter your observations in the table of the type shown 
below : 

Observations 
Mi. a) И 


Anode current Readings (14) 


Grid 
Voltage жаған егі, | va RSS p RA 
At 


(Vg) At At- | At At At At 
Уа-10У| Vg=20V| v 30 V] n | |А V,—200 у 
— c T ro e f Tl 
—5у 
--! шен. жазы erdum te 
-4У | 
нь | es | ee eee 
an a 
7 
| Р 
- т=н | Я palco 
-2У | 
impu | 
У | 
оу | 
| 
+1у | ЖЕ үү, 
Go C TN m tr 
42V | | | 


Graphs. (i) Ia—V graph. 

With V, on x-axis, and Ja оп y-axis draw curves for different 
values of Va. Тһе Position of the y-axis should be Properly chosen 
to allow for both +ve and —уе potentials of the grid to be taken 
оп the x-axis. The origin of the graph should be 0—0. 
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(ii) %— Уа graph. 

With Va on x-axis and Ja on y-axis draw curves for different 
values of Vg, keeping the origin of the graph as 0—0. 

Calculations. Choose only the straight portions of the characteris- 
tic curves for the calculation of n, Ra and gm. Use only those 
curves for the purpose of calculation that have a fairly large straight 
portion. 

The method of calculating н, Ra and gm have been described in. 
the theory portion. 


Results. DTP 
Ка=...... о 
gm-..... mA/V 


Check if Ra x gm is equal to the value of н. 

Note. (i) The experiment will be simplified ‘by the use of an 
indirectly heated triode (say 6 J 5 type) as such valves normally 
operate directly with a source of 6:3 volts for the filaments. Hence 
а 6 V battery may be directly connected to the filament. 

(ii) A grid voltage of more than --2 volts is not advisable as the 
valve may lose emission considerably at higher grid voltages. 

(iii) The variable point P on the 'H. T. should be the +-ve termi- 
nals and not the — ve terminals of the H.T. 

(iv) In place of a H. T. battery a power pack run оп an a.c. main , 
may also be used. In several power packs apart from the 

facility of getting 

ЯЛ, зов filament current at 

6:3 V А.С. and H.T. 
voltages up to 300 
volts, there аге 
arrangements for 
getting D.C. nega- 
tive grid biases 
also. To measure 
anode voltages and 
grid voltages, some- 
times the power 


6 
Fuse 


Power pack 


ру Main switch pack has suitable 
506)5таіп voltmeters internally 
connected. Some 

(Fig. 6.62) 


power packs also 
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contain milliammeter to measure the anode current. As has been 
shown in the figure, the terminals of a power pack are marked as 
H. T.+, BIAS. COMM., and 6:3 У. In the figure a scheme of con- 
nection with a 6 J 5 triode has been shown. 

When using a Power Pack take readings at V; —0, —1, —2,..etc., 
ie, at zero and negative grid voltages. 


EXPERIMENT 24. To verify 3/2 power law by a Diode. 


Apparatus. Diode valve (may be 5 Y 3), stabilised power supply 
(0—300 volts), 6 V battery, 10 о rheostat, plug key, two milli- 
ammeters [one 0—500 ma and another 0—25 ma), voltmeters 
(0—300 V and 0—6 V). ` 

Theory. The space change limited current of a diode is given by 
Tp=KV pl. Hence logo /›=1ор„ K+% logo Vy. Therefore 
1ор [р against 1080 Vp curve should be straight line of slope 3/2, 
if the 3/2 power law is true. 

Procedure. (i) Make circuit connections as in the circuit diagram 
given below : 


Power Supply 


(Fig. 6.63) 


(ii) Adjust the filament rheostat for 5 V filament voltage 1 
Read the filament current, Ip. Е 
(iii) Apply voltage from power supply from zero to 300 volts in 
steps of 20 volts or so (noting Vp), and note the plate current 1 
‚ every time. diu 
(iv) Adjust the filament rheostat so that the filament current 


becomes $ of the previous value, and take Ip observations against 
different V, again. 


(v) Draw the curves with Г, against Vp for the two J; values, 
P. PHY.-30 
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(vi) Choose the observations that are 
well below the saturation stage, but not 
corresponding to too small! /, values 
(1.е. choose points between P and О 
of Fig. 6.64). 


(vii) For every set of Г, obtain 
10810 Vp and logy) Г, values from log- 
table. 


(viii) Plot log; Ip against log Vp 
and obtain the slope of the straight line graph. 


0 М 
(Fig. 6.64) 


Observations ` 


| 
E | 
Filament Plate Current Pt 
Current гає pue (Ж) | ово logy 
(00) ? ? Ш- ? 
š | | 


Results and Conclusion. 


Slope of the log,, Тр vers. 10810 Vp straight Ипе=........ 
Difference from 3/2= 


Percentage difference 


Conclusions. Draw your conclusion from the experimental results. 


Discussion. (i) The difference of the experimentally observed 
slope from 3/2 =1°5 will be negligible, 
(ii) The saturation part of the V,—lI, curve is the situation of 


temperature limited emission, and so this should be left out. Space 
charge limited part falls below the saturation part. ; 
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(iii) For low Vp values, the slope differs from 3/2 on account of 
higher emission velocities, and so the portion of 7; against V curve 
corresponding to low V; values should be left out. 


Note. 1. If a diode valve is not available, a triode valve may be 
converted into a diode valve by connecting its plate and grid 
together. 

2. 6H 6 diode valve may also be used. It has two plates and 
two cathodes. The two plates and the two cathodes may be connected 
together. 


EXPERIMENT 25. To construct, calibrate, and use а Thermo-Electric 
Thermometer. 


Apparatus. Copper and iron wires, galvanometer, thermometer 
(0? — 110°C), two beakers, one funnel, hypsometer, ice, wax, and 
glass tube. 


Theory. If the ends of two wires of different metals be joined 
together and if the two joints thus formed be maintained at different 
temperatures, then an electric current flows in the wires due to an 
e.m f. generated, known as the Sebeck e.m.f. Maintaining one junc- 
tion at 0°C, if the temperature, t°C of the other junction is raised, 
the Sebeck e.m.f., E increases linearly over a wide range of tempera- 
ture. Hence, a galvanometer may be placed in the circuit thus 
obtained, and its deflections may be calibrated against the tempera- 
tures of the hot junction to give a thermoelectric thermometer with 
which an unknown temperature may be measured. 


Procedure. (i) Put one end of the copper wire and one end of 
iron wire together and get it welded. Likewise put the other end 
of the copper wire with the other end of the iron wire and get it 
welded. 


(ii) Cut the copper-wire at the middle and connect the galvano- 
meter to the two ends thus obtained. Set it to read zero. 


(iii) Put the two junctions of the wires in glass tubes with their 
lower ends sealed. You have now constructed a thermo-couple. 


(iv) Put some crushed ice in a funnel mounted over a ring clamp- 
ed to a stand, with its tail in a beaker. 


(v) Insert the tube containing one of the junctions of the thermo- 
couple in the ice, and clamp it with cork padding to a stand. 
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(1).- 
Deflection at the melting of wax — (2). ues Sc 
1 G).. Grand 
Deflection at the solidification (1).. Mean- .. 
of wax=(2). Tem. .. 
(3) is 


Result. Melting point of wax 

from calibration graph=....°C. 
Note. In this experiment main- 
taining various steady temperatures 
of water forthe calibration of the 
thermoelectric thermometer is in- 
convenient. The water at the room 
conditions, and at the В.Р. are 
ONEPI T. steady thermal states, Hence, calib- 
(Fig. 6.66) | ration of the thermoelectric thermo- 
du meter against these two tempera- 

tures will be quite reliable. 


EXPERIMENT 26. To measure the Inductance and Resistance of an 
Inductive Circuit by Ammeter and Voltmeter. 


Apparatus. Inductance coil of about 0'1 Н, resistance boxes 
(250 ma current capacity), А.С. voltmeter (0—10 У), А.С. ammeter 
(0 — 500 ma), switch, and Bell transformer. 


Theory. A coil of inductance L and resistance r connected in 
series with a resistance R constitutes a circuit of impedance, ў 


[2 | = AQ r- 0212, where o =2nf, 
f being the frequency of the A.C. source connected in series with the 
circuit. If the r.m.s. values of e.m.f. applied and the current in the 
circuit be Е and 7 respectively, 


2 = VRE FOL 


E 


Measurement of Е and / will, therefore, give |Z |; further |Z |?= 
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(R+rP+oL, and so the graph plotted 
with |Z |? against (R 4-7)? will be a straight t 
liné intercepting the (А 4-2) axis at o°L*. x 
From this intercept and from о = 27ў, the % 
inductance L of the circuit сап be calcula- 
ted. The resistance of the coil, r, may be 22 
determined by P.O. box, and it may be 
ignored in case it is small (say 2 © ог so) 
in comparison to R (say 50 Q or above). 
Procedure. (i) Make circuit connections as given in the circuit 
diagram below— 


we 9 (В+ — 
(Fig. 6.67) 


Switch Вей Lr (Coi) “RCResistance box 


sodi ІІ 


Main 


(Fig. 6.68) 

(ii) Measure the d.c. resistance r, of the inductance coil by P.O. 
box by taking out the coil from the circuit. 

(iii) Insert the coil again in the circuit. Take a resistance of 50 Q 
in R. Press the switch of the main and read А and V to give / and 
E respectively. 

(iv) Increase R in steps of 20 o and read A and V. 

(v) Calculate |Z|? and (R-+-r)* corresponding to the different 
values of R. . 

(vi) Plot |Z against (R -+r)?, and obtain a straight line graph. 

Observations 
r by P.O. Box- ....0,/—50 C/s 
Чы —— I 


obs. Ж CRED: B 1 (21--Е | Ize 
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Note. As indicated in theory, if r be small compared to R, graph 
may be plotted with | Z |? against R? to obtain o?7?. А coil of induc- 
tance up to 0-1 Н may fulfil this condition when R is above 50 О, 


EXPERIMENT 27. To determine L and R inan А.С. circuit by three 
voltmeters method. 


Apparatus. Three A.C. voltmeters (0—12 V), Bell transformer, 
resistance box (250 ma current capacity), inductance coil (nearly 
0:1H). 

Theory. Consider a circuit as shown in fig. 6.69. Voltage across R 
is Vy, voltage across the coil is V;, and 
voltage across R and the coil is Инт, 


These voltages are vectorially shown 


in fig. 6.70. 
Vs -—Is—AB. 
e 
$ 
ча}, ! 
Switch i 
^) А -4 
50GSA.C.main Ve B D 
(Fig. 6.69) (Fig, 6.70) 


Let r be the resistance of the inductance coi]. 


F ; Tr is then the 
Voltage drop over the coil due to its Tesistance and it is 


— 5 in phase with 
АВ, represented by BD. Voltage drop over t 


he coil due to its reac- 
tance oL is JoL and it will differ in phase by 


7/2 with the voltage 

2 

drop due to r. Hence, it is represented by DC, Perpendicular to BD. 
> > > 

The vector sum of BD and DCis BC which represents the voltage 


ES 
drop over the coil, V,. The vector sum of AB and 


mr i 
BC is AC which 
represents voltage drop across R and the coil, Уку. 
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As ІК = АВ, Ir=BD, and Іші, = DC, we have 


R DC_R DC 
o АВ Ол/ АВ’ 
where f is the frequency of the source. 


-рВр = 
r Rjg and 1 


By measurement of Vr, Vi, and V4, the voltage vector triangle 
can be drawn, and from the triangle, BD and DC can be determined; 
AB=V,,, and f=50 C/s, and hence r and L of the coil becomes 
determinable. 

Procedure. (i) Make circuit connections as shown in Fig. 6 69. 

(ii) Take a coil of about 0-1 H, and keep R=100 o. Switch on 
the main and note the readings of the three voltmeters. 

(iii) Increase В in steps of 20 О and every time read the three 
voltmeters after switching onthe main. Take five observations. 


(iv) Draw voltage triangle on a graph paper for every observation 
to determine АВ, BD and DC. 


(v) From every set determine the value of L and г, and find their 
mean values. 


Observations 
f=50 C/s 
— —— H————— 7T 9T À 
Ра Va | № | Ven | 4B | BD | DC| г Ў 
1 . 
2 | | 
3 | 
4 | 
5 | 
Пе ПЕТИ 
Result. Mean L of the coil=...... H 
Mean r of the coil=...... о. 


EXPERIMENT 28. To determine the C and R in ап А.С. circuit by 
three voltmeters method. 
Apparatus. Three А.С. voltmeters (0— 12 V), Bell transformer, 
resistance box (250 ma current capacity), condenser (nearly 2 нЕ). 
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Theory. Consider a circuit shown in Fig. 6.71. 

Voltage across R is V, voltage across 
the condenser is Гс, and the voltage across 
R and the condenser is Ис. Their volt- 
ages are vectorially shown in Fig. 6.72. 

Vi 2 IR--AB. 


Lad 
50C/SA.C.Main 


(Fig. 6.71) (Fig. 6,72) 


The vector sum of V; and V, will be Vro, and so BC and AC 
will represent Ус and Vro respectively in the vector triangle. If 
there is no leakage in the condenser there will be а phase difference 


à > > 
cf n/2 between V, and Vo. so that BC will be normal to AB. In 


= 
case of a loss resistance, r, associated with the condenser, BC will be 
the vector sum of a Voltage in phase with Vr and another voltage 


-> > 
differing in phase Бу л/2. These аге represented by BD and DC and 
are easily obtained after drawing the vector triangle. 


I 


ASTR- AR, Врата „2 рс, we. haye ғақ BD. and 
oC AB 


С “> a “е xA, where f is the frequency of the source, 


By measurement of Уһ, Vo, and V uc the voltage vector triangle 
can be drawn. From the triangle, BD and DC can be determined. 
АВ=Унс, f =50 С/з, and hence ғ and C of the condenser becomes 
determinable, ^ 


Procedure. (i) Make circuit connections as shown in the Fig. 6.71. 
(ii) Take a condenser of C « 2uF and keep R— 


oltmeters after Switching on the main. Take at le 


ast five observa. 
ions. 
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(iv) Draw voltage triangle on a graph paper for every observation 
to determine AB, BD and DC. 
(v) From every set determine the value of C and г, and find the 
mean values. 
í Observations 


f=50 CJs. 


D R Vr Үс Fre | AB BD DC С | т 


енен m" = | 


5 
| | 
Result. Mean C of the condenser=...... HF. 
Mean r of the condenser=....., о. 

Note. Measurements may be made on two condensers of nearly 
same C, but having different di-electrics. This will provide an idea 
about the difference in loss-factors due to the di-electrics, 
EXPERIMENT 29. To measure the power factor of an A.C. fan by watt- 

meter. 

Apparatus. Wattmeter, A.C. ammeter, A.C. voltmeter, auto- 
transformer, and an A.C. fan. 

Description. WATTMETER : This has a current coil which carries the 
load current, and a pressure coil which carries a current proportional 
to, and in phase with, the 
voltage. The mechanical force Current coil 
between the two coils, and 
hence the deflection of the 
pointer of the instrument is 
proportional to the product of To supply 
the current in them and the 
power factor of the load. Thus 
the wattmeter measures the (Fig. 6.73) 
true watts absorbed in the 
load. 


Pressure 
coil 


To load 
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Theory. Ifan A.C. voltage of V volts is applied to an A.C. fan, 
and if a current J amperes flows through it, then the true power 
absorbed by the fan is, W=VI cose watt, where cos is the power 


factor of the fan, 9 beaing the phase angle between V and J, The 
wattmeter measures W. | 


A.C. Ammeter 
Current coil 


Auto 
Trans- 
former 


t 


O 
м 
(220У 50Н,) Wattmeter (W) 


(Fig. 6.74) 


An A.C. ammeter measures just J and an А.С. voltmeter measures 
just V, so that VI is the apparent power only. 


true power 
apparent power 


Then, power factor— — cos. 
Procedure. 1. Make the circuit connections as shown in the figure 
given above, 


2. Set the auto-transformer to give a reading of y — 50 volts to 
start with. 


3. Set the regulator of the fan to “slow” position. Take the 
wattmeter reading (JW), voltmeter reading (V), 
reading (7). 

4. Take the readings W, V, and 1 at th 
transformer to 75 volts, 
and 200 volts, 


and ammeter 


€ settings of the auto- 
100 volts, 125 volts, 150 Volts, 175 Volts, 


5. Repeat the above observations for the « 


medium" position and 
then for the “fast” 


Position of the regulator of the fan. 
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Observations 
Position of 
V I Ww | Power Mean P 
t Б R | А | ‘ower 
he fan regu- | in volts jin Amps. in Watts VXI | Factor Factor 
Slow 50 
75 
200 ж 
Medium 50 | 
75 
200 
Fast 50 
15 | 
| 
200 | 
— e 


Conclusion. It will be found that the power factor for a good 


A.C. fan is not less than 079. 


decreases. 


It decreases as the speed of the fan 
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EXPERIMENT 30. To measure the power factor of an A.C, Fan by three 
voltmeters. 


Apparatus. 3 A.C. voltmeters, а non-inductive resistance (R= 
100 о), an auto-transformer, and an А С. fan. 


Theory. With the circuit connections as shown in the figure 
given below, we һауе V,?— V 2- V2 4-2V.V3 cos0. 


V2=IR I 
(Fig. 6.76) 


As Vo=IR, 
Ё,%= V Vj--21RV, соё 


IV, с050 = Power in the fan- "1 — Ан wah 


and ` cos0— 


ПЕНИИ V-V -y Vaya y. 
2RIVs 2R зу, Е И = 


Procedure. 1. Make circuit connections as shown in the figure 
given above. 

2, Set the auto-transformer to give a reading of V,=50 volts to 
Start with. 

3. Set the regulator of the fan to “slow” Position. Take the 
voltmeter readings Vi, V, and Из. 

4. Take the readings V;, V, and Уз at the settings of the auto- 
transformer to 75 V, 100 V, 125 У, 150 V, 175 У, and 200 va 

5. Repeat the above observations for the “medium” 


de Osition and 
then for the “fast” position of the regulator of the fan. қ Я 


Мыр — M 


ELECTRICITY 479 
Observations 
Position of V. V. y 
the Fan - 3 „Ке Vs Power Mean 
еу p| GAYO, ба ур) | бозо) factor —|Power factor 
Slow 50 
75 | 
| 
| 
| | 
200 | 
1 
—_— 
Medium 50 
75 
200 
ее некен хәм 
Fast 50 | 7 
15 
200 
i 


Conclusion. It will be found that the power factor of a good 
A.C. fan is not less than 0:9. It decreases as the speed of the fan 
decreases. 


EXPERIMENT 31. To measure the power factor of an A.C, Fan by three 
ammeters. 


Apparatus. А voltmeter, 3 A.C. ammeters, a non-inductive 
resistance (В —100 о), an auto-transformer, and an A.C. fan. 
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Theory. With the circuit connections as shown in the figure given 
below, we have 12--1.2--1;:--21, 1, сов0 


h h 


То А.С. 
Supply | ]ACFan 


(220V 50H) 


I! 1-142. 1, соз 
I} V cos0—Power in the ап = Мы 


2 (22—143) (QU-IP—IS)R һзр 
MELDE ^ т ачы, ER P ЭЕ = 

Procedure. 1. Make circuit connections as shown in the figure 
given above. 

2. Set the auto-transformer to give a reading of V —50 volts to 
start with. 

3. Set the regulator of the fan to “slow’’ position. Take the 
readings of the ammeters A; Аз and As, and let these be Л, I, and 
I, respectively. А 

4. Take the readings of the ammeters 4), 4, and Аз at the 
settings of auto-transformer to 75 V, 100 V, 125 V, 150 V, 175 Vand 
200 V. 

5. Repeat the above observations for the "medium" position, and 
then for the ‘‘fast” position of the regulator of the fan. 


and 
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Observations 
—— = 
Position ой y 1, 7 T Power Mean 
the Fan ; T ru 2-22 Power 
regulator (in volts) (in amps.) | (in amps.) | (in amps.) | factor doctor 
Slow 50 
75 
: i 
: | 
200 
Medium 50 
75 | 
200 
Fast 50 
75 | 
" | 
: | 
i | 
200 
Conclusion. It will be found that the power factor for 
А а good 
А.С. fan is not less than 09. It decreases аз the speed of the fan 


decreases. 


EXPERIMENT 32. To measure the inductance of a coi 
Bridge. 

Apparatus. Five non-inductive resistance boxes, 
box with capacitances inunits and fraction of uni 
inductance coil, a head-phone, 'ап A.C. source (L. 
1 KHz) or a buzzer. s 


Р. PHY.-31 


І by Anderson’s 


a capacitance 
t micro-farad, 
F. oscillator of 
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Theory. The scheme of an 
Anderson’s Bridge is as shown 
in the given figure. The coil 
has an inductance Г and 
resistance is P’.~ 

The conditions of: balance 
(no sound in the head-phone) 
are 

G) P/O=R/S, 
where Р=Р’--Р” and 


or Buzzer P 
` oscillator (ii) L- CQ [R--r( +) 
ia ums When P/Q=1, 
L- CQ[R 42r]. 
For the bridge to be sensitive, 
S=R=}P=30 
L 2 
Шар, 
ала с 


A.C. balance is possible only when [> СКО. 
Procedure. 1. Set up the bridge as shown in the figure. 
2. Keep К=5=100, and P"= Q =2R=2S=20 Q: 


3. As 2P"? 800, making a guess for Г to be of the order of, say, 
а few mH, C will have to be kept at about 1 HF for the sensitiveness 
of the bridge. Start with С=1 uF. This will satisfy the condition 
that L- CRQ. 

4. Now adjust P" for a minimum sound in the head-phone. You 
may get the minimum in a range of P" values. Take the mean of 
this range as the values of P". Then keeping P" at this value adjust r 
for a minimum of sound іп ће head-phone. You may get minimum 
Sound in a range of r values. Take the mean of this range as the value 
ofr. Calculate Г, using the above values of ғ. 


5. Substitute this L in C= 


5 LA > and calculate C using the above 


value of P”. Make C nearly equal to this calculated value of C. 


6. Again adjust P" for minimum sound in the head 


E -phone and 
then r to further minimise the sound. 


Calculate L again. 
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7. Repeat the operation 6 for a few more values of C until the 
sound in the head-phone is minimum over as narrow a range ofr as 
possible. 

Observations 


No. of obs. | P'inO| Опо | 5 по | RinQ|CinHF| гіпо LinH 


1 20 20 | 10 10 ro | 115 0:0048 
2 18 20 | 10 10 os | 140 0.0046 
3 17 20 | 10 10 0:7 155 00045 


алаары арлана 
Result. The inductance, L of the coil 
—0:0045 Н=4:5 mH. 
EXPERIMENT 33. To compare two capacities by De Santy's Bridge. 
Apparatus. Two condensers, two Р. О. boxes, 1 KHz oscillator 
or buzzer, a head-phone. 


Theory. A Wheatstone bridge is set up with the two condensers 
in two adjecent arms, and two P.O. boxes 
in the other two arms as shown in fig. 
6.80 is known as De Santy's bridge. The 
condition of balance of the bridge is given 


by 2 Е The bridge is sensitive when 


С, and С. are appoximately equal, and 
large. 1KHz А.Е Oscillator 
ч (Fig. 6.80) 
Procedure. (i) Take two condensers each of about2 ШЕ ca a 
citance, and set up a De Santy's bridge as shown in fig. 6.80 ME 
(ii) Make К: = 1000 ©, and switch on the А.Е. oscillator 
(iii) Put the speakers of the head-phone on your head. You will 
hear а sound. Adjust R, till fni à 
т Ei J ul you have a minimum sound; note 
(iv) Keeping R; = 1500 o, 20000, 2500 © and 3000 о one by on 
adjust Ra to get minimum sound. Note the values of R; Б 
(v) Calculate C/C; 
Суб. 
(vi) Compare this value with the С. 


wi 1/Сҙ as calculated fro 
individual values of C, and C, written on the condensers, PIE 


from your observations and find the mean 
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Observations 
R: 
1950 В, В, сис, Mean С./С, 
1 1000 2 
2 1500 Q 
3 2000 Q 
4 2500 2 
S 3000 Q 
иво 
Result. C,/Cg by experiment=........ 
C; as written on the condenser— ........ 
C; as written on the condenser=........ 
C,/C, from the values of C; and C5— ........ 


Percentage difference between observed C,/C, and calculated 
Сб =. а 


Note. The dielectrics of the two condensers should be the same, 
otherwise the bridge will be insensitive due to the difference in the 
loss factors of the dielectrics. 


EXPERIMENT 34. To construct and calibrate an A.C. semi-conductor 
Diode Voltmeter. 


Apparatus. Semi-conductor diode valve (0A 79 or 05—SMI 
or any other), condenser (8 HF), А. C. voltmeter (0—10 V), D.C. 
voltmeter (0—10 У) range and high resistance rheostat (about 
600 О), and 220 V to 6 V step-down transformer. · 


Theory. Under a forward bias the diode conducts and a current 
flows in the circuit. Under a backward bias, no current flows. 
Hence а current indicating device in the circuit may be calibrated 
in terms of known A.C. or D.C. potential differences applied 
between the emitter and the collector of a diode. Such an arrange- 
ment then becomes a Diode Voltmeter. 

Procedure. (i) Make circuit connections as shown in fig. 6.81. 


Switch 


(Fig. 6.81) 


4 
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(ii) After bringing the slide in contact of R to a lower point, 
switch on the main. Adjust the slide of R obtaining 1 V reading 


in V4. 


(iii) As the resistance of voltmeter V is high, and C is also high, 
the RC circuit of the diode will have high time constant. The 
rectified current from the diode valve charges C up to the peak 
voltage of the applied А.С. This steady D.C. voltage is recorded by 
the D.C. voltmeter Vp. Note the voltage as indicated by Рр and 


multiply it b - 09707 to give the R.M.S. value of the A.C. voltage. 
2 


(iv) Increase the applied A.C. voltage by I V, step by step up to 
6 V by adjusting the slide of the rheostat R and keep on noting volt- 
meters V, and Vp. ` 

(у) Multiply all readings of the voltmeter Vy by 0°707, draw 
agragh with V, against 0°707 Vp. This 
willbe calibration curve of the Diode 
Voltmeter on the left of PO (Fig. 6.82). 


(vi) Find the slope of the V4 
V,—0°707 Vy curve. 


(v) Also find out the difference 


between V, and 0:707 V. 0.707 Vp —» 
Я (Fig. 6.82) 
Observatians 
В.М.5., А.С. а aa 
rA voltage ^ | үәнше| oTov, | у, отуу, 
А 
: — 
2 
10 
Е ЕРӘН ИР ЕДИ ЖЕНЕ ЫН IERI C C MM LL 8 
Result. Slope of V,—07707 V» graph ...... 
Mean difference, Р, —07707 Vy ...... 


Comments. You may conclude from the results that the R.M.S, 


to the peak values of an A.C, voltage is —— 


1 
42 
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EXPERIMENT 35. To study the Directional Variation of Light Intensity 
of Electric Bulb with a Photocell. 


Apparatus. Photo voltaic cell, turn table, index with pase, à 
bulbholder, bulb, graduated annular plastic disc, clamp and stand, 
Weston galvanometer. . It 

Description of Special Apparatus. PHOTOVOLTAIC CELL : 
(fig. 6.83) consists a copper block with its upper layer oxidised to 
СшО state, having a thickness of 


D mM 10 и. There is a transparent metal- 
даш film (platinum film) over the oxide 


: = layer. One terminal for cell is 

attached to the metal block and 

the other to the metal film. Light 

is made to fall over the metal film. 

(Fig. 6.83) Electrons released by the СиО 

pass to the copper block, and thus 

a current flows from the metal film to copper in the external circuit 

and the galvanometer gives indication as well as the strength of 

the current which is proportional to the intensity of the incident light. 

Theory. The strength of the current given by a photovoltaic 

cell is proportional to the intensity of the light incident over the 

cell. Hence such a cell with a galvanometer in its external circuit can 
be used to study the light intensity of a bulb in various directions, 

Procedure. (i) Put the bulbholder vertically on the turntable, 

and insert the bulb in it. 


(ii) With the help of the clamp and stand arrange the annular 


graduated plastic disc with its centre at the centre of the filament of 
the bulb. 


(iii) Fix the index with the clamp to the bulbholder зо that 


it goes over the graduated annular disc and it is along the th 
of the filament of the bulb. 8 leng 


Graduated annular 
80°, plastic dice 
Tap Clamp 


uci 270° 
Pito Filament 


voliaic сей In ы bulb 


A 
lFig 6.84 (А)) 
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(iv) Arrange the photovoltaic cell on a stand of suitable height 
so that the centre of its face is at the same height as the height 
of the filament of the bulb. 

(v) Connect the photovoltaic cell to a sensitive galvanometer 
with a tap-key. 


Handle 
J 
Turn table 
B 
[Fig. 6.84 (B)] 


(vi) Switch on the bulb and close the tap-key to see if the 
galvanometer gives a good deflection. If not, adjust the position 
of the photovoltaic cell to get a good galvanometer deflection. 

(v) Starting from 0° index reading rotate the turntable in 
state of 10? up to 360^, and go on noting the galvanometer deflec- 
tion after closing the tap-key. 

(уі) Plot the galvanometer deflection again the index reading 
preferably on a polar graph paper, or a Cartesian graph paper. 
This gives the directional variation of the light intensity of the 


bulb. 
Observations 


Index rod | Deflection 


reading | of G 


(0) (a) 


10° 


360° 
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Result. Draw your conclusions from the graph about the c 
tion of light intensity with orientation of the length of the filament. 
EXPERIMENT 36. To use an Oscilloscope [CRO] for study of Waveform. 


Apparatus. Low frequency cathode ray oscilloscope, audio 
frequency oscillator, and a valve tube voltmeter or a solid state 
voltmeter. 


Description of Special Apparatus (i) CRO. (Fig. 6.85) 


Luminous Spot ў 


E d 
ET BENE 
E Cathode rays 
и 


«-- FlectronGun----+ 


=: 
filament cathode ieee Deflecting 
(anodes) plate ^ 
Grid for luorescent 
intensity control Screen 
(Fig. 6.85) 


А СВО has three important parts : Electron gun, Deflecting 
plates, and Fluorescent screen. АП these are housed in a long 
evacuated tube having one end spread in the form of a horn. The 
inner surface of this end is painted with some fluorescent powder. 


The electron gun has a filament which is electrically heated. 
This heats the cathode which emits electrons. These emitted 
electrons (also called cathode Tays) are accelerated and focussed into 
а narrow beam by two focussing electrodes maintained at higher 
potentials with respect to the cathode. The strength of the electron- 
beam-current is controlled by another electrode called the grid 
placed between the cathode and the focussing electrodes and 
maintained at a potential below the potential of the cathode. When 
the focussed beam of the electrons collides with the fluorescent 
Screen, a luminous spot is produced over it, 


Potential differences applied across two pairs of plates, Y— Y and 
Y—Y plates, deflect the electron beam in horizontal and vertical 
directions respectively. As an electron has extremely low mass, the 
electron beam will oscillate along the yy direction or the 
Y—Y direction when an oscillating potential difference 15 applied 
on the X—X plates or the Y —Y plates, 
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A complete CRO equipment has the following components : 


(1) CRO tube, (2) Amplifiers for vertical and horizon 

У $ tal deflec- 
tion voltage, (3) Sweep generator to apply voltage across the У-У 
plate to sweep the beam horizontally on the fluorescent screen 


(4) The following controls, switches and terminals : 

" (a) Horizontal positioning control for the spot, (b) Vertical posi- 
tioning control for the spot, (c) Focussing control, (d) Intensity 
control, (e) Internal and external synchronisation change over 
switch, (f) External and Internal X—X (horizontal) input change 
over switch, (g) Y—Y (vertical) input control, (h) X — X input 
control, (i) External X—X input terminals, (j) Synchronising 
amplitude control, (К) Coarse sweep frequency control, (I) Fine sweep 
frequeney control, (m) CRO on-off switch, (n) Y — Y amplifier on-off 
switch, and (o) Y— X amplifier on-off switch. 

(ii) A. Е. Oscillator. А Laboratory A. F. Oscillator is a phase- 
shift oscillator of good frequency stability. It has a variable out- 
put. The A. F. obtainable is divided into three ranges. In each 
range frequency is adjusted by a calibrated rotary control. 

(iii) УГУМ ог Solid State Voltmeter. In this instrument normal] 
a low A.C. voltage is amplified first and then rectified. Someti 4 
the rectified D.C. voltage is subjected to D.C. amplification and inis : 
applied to a D.C. voltmeter. The voltmeter is calibrated to read ilis 
R.M.S. value of the voltage applied at the input. A selector swit à 
helps in measuring voltages of different ranges. d 

Theory. The sweep voltage across the X — X plates sweeps th 
electron beam of the CRO due to an extremely small innertia of ii 
beam. This gives a horizontal trace on the screen of the CRO p 
A.C. voltage applied across the Y — Y plates will oscillate the eon ES 
and down. When the X— X voltage frequency and Y—Y vol А 
frequency аге equal or in integral. VD 
multiples, a steady pattern of the 
Y — Y voltage wave form is obtained 
on the CRO screen (Fig. 6.86). The 
crest (a) to trough (b) deflection of 
the beam as seen on the screen is 
proportional to twice the peak value 
of A.C. voltage and the number of 
complete voltage. Waves as observed 
on the screen is equal to the ratio of 
the frequency of the A.C. voltage across У — Y plates to the frequency 


ofthe X—X sweep voltage. 


(Fig. 6.86) 
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Procedure. (i) First study the panel of the CRO box and identify 
all the controls, switches, and terminals as mentioned in the 
description of CRO. . 

(ii) Connect the CRO to the main, and switch it on by putting 
the on-off switch to on-position. 

(iii) After some time a spot will appear on the screen. Focus the 
spot sharply by the focus control. Also using the intensity control 
make the spot moderately intense. Position the spot at the centre of 
the CRO screen by using the vertical and horizontal positioning 
controls. ; 

(iv) Use the coarse sweep frequency control to apply the sweep 
voltage on X— X plates. The spot will now trace a straight line 
horizontally. , 

(v) Connect the A. Е. oscillator out-put to the Y—Y terminals 
and the УТУМ or solid state voltmeter across it. Switch on the 


oscillator and adjust its voltage to about 1 volt and frequency to 
about 1 KHz. 


(vi) You will get an unsteady waveform on the CRO screen. 
Adjust the coarse sweep frequency control until the waveform is 


nearly steady and then use the fine Sweep frequency control to 
further steady the waveform. 


(vii) Bring the synchronisation selector to internal position and 


adjust the synchronisation amplitude control to lock the waveform 
in steady condition. 


(viii) In case you find that the vertical deflection or horizontal 
sweep is rather too much or too small, 
input control, as necessary, 
tion or horizontal sweep wit 


use vertical or horizontal 
to bring down or up the vertical deflec- 
hin the limits required. 

(ix) In case the inputs to the У— У or the Х-Х plates are too 
much you may even switch off the Y — Y or the X— Y amplifiers. It 
will be advisable to begin the work without switching on the Y—Y 
and the XY— Y amplifiers, and switch them on only as and when 
Decessary to get more vertical and horizontal deflections, 

(x) After a steady pattern has been 


obtained, measure the eak to 
trough deflections for inputs of 0: " Қ 


У T У, L5 У, 20 Y. 
1 n | 
Take y;?! 0*707 of half the peak to trough deflection, and plot it 


against the voltmeter reading. This calibration turns the CRO into 
а voltmeter, 
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(xi) Change the frequency of the generator to 10 KHz. Obtain a 
steady waveform again, and repeat the observations. 


Observations 


| 


Input volts Peak to trough 
=V deflection 


0:707 of half the 
Peak to trough 


Frequency 
defiection=d 


1 KHz 05 
10 
1°5 
20 


10 KHz 0:5 
1:0 
r5 
2:0 
Result. Slope of the V —d curve (straight line), at 1 KHz—.... 
Slope of the V —d curve (straight line), at 10 KHz=.... 


Caution. Do not make the spot too intense for long time, other- 
wise it will cause permanent damage to the CRO screen. 


Attention. The Y—Y, and the X— X amplifier switches are 
usually situated at the back of the CRO box. 


000 


APPENDIX 


1. Constants and Formulae 


7 —3:1416, 7:2—9:8696, 4 =03183 
е--2:7183, loge 10--2:3026 
4/2--1:414, V3=1°732 
Area of a circle=7r?, Area of an ellipse = таб (Semi-axes а and b) 
(of radius r) 
Circumference of a circle=27r 
(of radius r) 
Surface area of a sphere= 47° 
(of radius r) 
Volume of a Sphere— $z7?, Volume of a Cylinder— zr? 
(of radius r) (of height А, and Cross- 


sectional radius r) 
Volume of a cone=}7r?h. 


2. Moment of Inertia 


ыыт 


Rectangular bar of sides About an axis through the 
а and b, and mass M. C. G. and ОВО to Mee 
the face containing a and b. 12 


Sa OE UE 


Circular plate of radius About an axis thro 
ugh the " 
r, and mass M. centre and perpenaicdiar to ME 
the plane of the plate. 2 


Solid sphere of radius r, ` About an axis through the 


and mass M. diameter. 2 
салы 
Solid cylinder of radius i i 
г, length /, and mass М. 9 e Un о ма 
2 


(ii) About an axis through the 


С. С. and perpendici 1 S 
the axis of the cylinder. Ws 17+ 


ees 
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3. Densities of Solids and Liquids (at 0°C) in gm./c.c. 


Den- Subs- Den- Subs- Den- Subs- Den- 


5 


Substance sity tance | sity tance sity- tance — sity 
Aluminium 2710 Ice 0:916 Silver 10:5 Milk 1:03 
(Cow's) 
Brass 8-4 Rubber 0'91— Steel 77-- Mobil 0:91 
0:93 79 oil 
Charcoal p4— оп Sugar 1:39 Olive 
1:5 Рше 7:87 oil 0:91— 
0:93 
Copper 8:93 Cast 70— Wax 0:95— Turpen- 
76 096 tine 0:87 
Copper Wrought 7'7—7:9 Xylene 087 
Sulphate Lead 11:37 Wood 
Crystals 2:28 Teak 0:70— 
0:95 
Cork 018— Parafin 087------------ 
0:26 0:96 


Platinam 21:50 Aniline 1*035 


German 83- бай Glycerine 1:260 
Silver 89 Common 2'17 Kerosene 091- 
Rok 228— ОЙ 0:93 
2:41 
Glass : 
Crown 24— 
2:6 .Sand 2:5 Mercury 13:596 
Flint 2:9— 
45 
Gold 19°32 


ыы ————À —t—=e = = —— ^^ — 
4. Density of Gases at N. T. P. 


Air 0001293 Nitrogen 0:001251 
‘oxide 0001977 Oxygen 0001429 
Carbon dioxi (000090 Water Vapour 0-000814 


Hydrogen 
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5. Density of Water from 0°C to 100°C 


—_— 


Temp. Density Temp. Density Temp. Density 
in °С in gm/c.c. in °C in gm/c.c. in °C in gm/c.c. 
0 0:99987 15 099913 50 0:98807 
2 0:99997 20 0:99823 55 0:98573 
4 1:00000 25 0:99707 60 0:98324 
6 0:99997 30 0:99567 70 0:97781 
8 0:99988 35 0:99406 80 0:97183 
10 0:99973 40 0:99224 90 0:96534 
i2 0:99953 45 0:99025 100 0:95838 


6. Yonug's Modulii, Rigidity Modulii and Breaking Stress of Wires 


к^ ——— 21.104 
Approximate 
i uin Breaking stress 
Substance TL dynes/cm? in kg/cm? 
ee 
ini 705X10" 2°65 X 10% 2000 
Cv 9:7-10:2x 10% 3:5-377 X 101 3400 
Copper 12°4-12°9 10% 3:9-4:0x 1071 3000 
German Silver 11:6x 10" 43-47x 101 4600 
Glass : Crown 6'5-7:8 х 104 2:6-3:2x 1011 500 
Tron 19-20 x 10 7-7-8:3Х 101 6000 
Steel 19°5-20°6 x 1011 T:9-8:9 x 1011 8000 
Rubber 0:10-0:70х 104 0°00016 1011 мы 


7. Viscosities and Surface Tensions 


I а 


Surface 
Substance Temperature Viscosity Tension 
in poise in dynes/cm 
Water 09c 0:01794 75:64 
209C 0:01002 72"15 
30°C 0:00800 7118 
409C 0:00654 69:56 
Aniline 15°C 0:0530 430 
Olive oil 30°C 52 31:0 
Castor oil 30°C 451 


ee 


_ 


Aluminium 
Brass 
Copper 
Cast Iron 
Steel 


Aniline 
Glycerine 
Turpentine 
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8. Co-efficients of Linear Expansion 


( Mean values between 0°C and 100°C ) 


22x10-*/9C Glass 85x 10-8/9C 
19x 10-*/9C Silver 19x 10-*/ec 
17x 10-*/9C 
11Х10-5/9С 


1:0х10-%/9С 


Co-efficient of Cubical Expansion of Liquids 


( Mean values between 0°C and 40°C ) 


85 Х 10-5/°C Мегсигу 1:82x 10-5/°С 
50x 10-°/°С Paraffin oil 90 10-5/°С 
94x 10-5/9C 


10. Co-efficients of Cubical Expansion of Water in different 


ranges in Temperatures 


59—109C 5:3x 10-5/9C 40°—60°C 458 X 10-5/°С 
10°—20°C 15°0 10-8/°C 60°—80°С 58:7 x 10-/5С 
209 —409C 302х10-%9С 80°—100°C 43°6 10-/°С 
Specific Heats of Solids and Liquids 
Substance Specie Substance Specie Substance Specific _ 
Aluminium 0:212 India Kerosene 
Rubber 027—048 ой 0551-0-54 
Brass 0:094 Iron 0:11 Linseed ой 0-44 
Common Lead 0:031 Mustard 
Salt 021 Zine 0:092 ой 0:5 
' Copper 0094 ----------- Оо 0:47 
German. Aniline 051 Тигреп- 
Silver 0:095 Glycerine 0°58 tine 0-46 
Glass 0:19 
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Bee wax 
Napthalene 


Aluminium 
Brass 
Copper 
Lead 

Steel’ 


A TBXT BOOK OF PRACTICAL PHYSICS 


12. Melting Points of Solids 


619—64°С Paraffin wax 
80°С Soft 389-529С 
Е Hard 529--569С 
13. Co-efficients of Thermal Conductivity 
[ Unit : Cal. cm! sec (deg. (y 
0:55 Asbestos Cement 
0:26 sheet 0:00070 
0:91 Soda glass 0:0013--0:0018 
0:082 Rubber 0:00035 
0:09 


14. Saturated Aqueous Vapour Pressures at different 


— 
Temp. Press- Temp. Press- Temp. Press- Temp. Press- 


Temperatures 
(in mm of mercury) 


C ure 90 ше ec ure ec uie 
10 9:21 18 15:46 26 25:13 34 39:75 
11 9°84 19 16°46 27 2665 35 42:02 
12 10:51 20 17:52 28 28°25 36 44:40 
13 11:23 21 18:62 29 29:94 37 46:90 
14 11798 22 19:79 30 3171 38 49:51 
15 12-78 23 21°02 31 33°57 39 52:26 
16 13°62 24 22:32 32 35:53 40 55513 
17 14:25 25 23:69 33 37:59 50 9230 . 


Ó—— M M — M HÀ — MÀ А 


15. Refractive Indices 
(At 4=5893 A? of Sodium light ) 


ee MMMM 


5 : 
"ial Refractive Substance Refractive 
index index 
tms 1507 Glas: 
огам oil ee Ordinary crown 1-48—1-54 
Turpentine ic De crown 1:58—1:64 
W: rdinary fij "E 
ater at 159C 1:333 vidé y : nt 153—1:67 
2936 1332 n 162—192 
УЕ 1331 


Шы. 
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16. Wavelengths of Gas and Vapour discharge lights 
(Line Spectra) (іп 10-5 cm) 


—————— —— 
Е Е Жаы. Gas or Colour of Wave- 
Vapour of line length Vapour line length 
Hydrogen Red 65628 Argon Orange 6059 
Blue 4861:4 Orange 6031 
Blue 4340°4 Yellow 5912 
Violet 4101:9 Yellow 5607 
Green 5452 
Blue 4703 
^ Heilum Red 7065:2 Mercury Orange 6232:0 
Red 66781 Yellow 5790-7 
Yellow 58756 Yellow 5769:6 
Green 5047-7 Green 5460:7 
Green 50157 Greenish 
Greenish Blue 49597 
Вше 49219 Віше 49166 
Blue 47133 Вше 43583 
Blue 4471°5 


ey 


17. Velocity of Sound in Gases and Solids 


Dry Air at 0°C 331°2 Metres/sec. Brass 3650 Metres/sec, 
Carbondioxide Copper 3970 Metres/sec 

at 0°C 265:8 Metres/sec. Glass 5140 Metres/sec, 
Hydrogen В ! 


(189С) 130:1 Metres/sec. 


18. Specific Resistance (at 18°C), and Temperature Co-efficients 
of Resistance (Mean values between 0°C and 100°C) 


—MÀ 


Specific B 
Subs- Resistance Қы f 
tance in ohm cm ьа са 
Aluminium 2°83 Xx 10-5 38 x 10-4/0 
Brass 6—9 x 10-5 10x 106 
Constantan 49x 10-8 0:22 x 10-4/°С 
Copper 1:74 Х16-* 4210-40 
ee eS So 
—— 
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Specific Temp. * 

Subs- Resistance Coeff. of 
tance in ohm cm Resistance 
German Silver 23—33 x 10-5 2:3—6x 10-:/°С 
Tron 12x 10-5 62 10-4/°C 
Maganin 47x 10-5 0:15x 10-4/°C 
Nichrome 110 10-5 L7x10-5/9C 
Silver 1*66x 10-5 40x 10-:/9C 
Steel 20x 10^ 50x 10-4/°C 


mu. Вр. Có We №. 
19. Electro-Chemical Equivalents 


Copper 


Silver 


Hydrogen 


0:000329 
0:001118 
06000104 


20. Е. m. f. of Cadmium Cell at the various Temperatures | 


gm./coulomb 
gm./coulomb 
gm./coulomb 


uoi C.P Wi А Е: coo dier quc “еч шү. _ | 


Temp. E.M.F. Temp. E.M.F. Temp. E.M.F. 
in °С in volts in "C in volts in ?C in vólts 
10 1:0186 22 1:0182 34 10175 
12 10186 24 10181 36 1:0174 
14 1:0185 26 1:0180 38 10173 
16 1:0184 28 1:0179 40 1:0171 
18 10184 30 1:0178 ` 

20 1°0183 32 a 1'0177 


———————————————————— 


21. 


Miscellaneous Physical Constants 
Latent Heat of Fusion of ice— 79:7 Cal/gm at 0°C 


Latent Heat of Vaporisation of steam= 536 Cal/gm at 100°C 
Value of ‘g’ at 


Value of Dip at 


Value of H at 


Mean wavelength of sodium light = 5893 х 10-8 cm. 
22. Specific Rotation at 20°C for 1.— 5893A? 


(i) Patna 
(ii) Delhi 
(iii) Calcutta 
(iv) Lucknow 

(i) Patna 
(ii) Calcutta 
(iii) Delhi 
(iv) Lucknow 
(i) Patna 
(ii) Delbi 
(iii) Calcutta 
(iv) Lucknow 


979:0 cm/sec? 
979.2 cm/sec? 
978-8 cm/sec* 
979:4 cm/sec? 
4099 

299:9 

4190 

299,9 

0:361 c.g.s. unit 
0:351 

0:398 

0:365 


Cane-sugar in water at conc. (c) 4 to 28 gm/100 gm of solution......... 


Turpentine pure liquid......... = —37 degree. 


Я 


mim 


-1-66:67—0:0095 degree x c 


id 
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22. Tables of Natural Sines, Natural Cosines, Natural Tangents 


NATURAL SINES 


хоче оон О 


Meany 
Differences 
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NATURAL SINES 


= 
to 


O O O m m m æ mm оынсныз ы юш шшш UG шь Ф Ф А ANNU tuu o С О О О Ф | © 
> 
a 


COCO 0 m memm ----—- юю NN ө NNNNA оо wuwww G0 6 5 HHH р 


о0--- RRR NN вое осыма DEEN мм ОО Ф О С Оо MM 0 0 0 0 0 


GOO, OO OO O Oo etes brane AENA E ASS ЕС 
O О = = = VN NNN GG UGG A Ф Ф 2 лл uw ОСО O QM M м осоо оо оо DODD О 
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NATURAL COSINES | 
(Numbers in difference columns to be subtracted, not added.) 


Mean 
Differences 


ооо a co ro m O | Degrees 


О О О OO :0 'O O0 00 000000001 ччч AA лол UNFPA косоо NNN ынноо | м 


6000000000 ччччч м ооо AAU ль ыы шошым NNN m m we OO 


Ahhaa ээ ьш ш оош шш „шш ош NNNSN NN NN en we ООО 
OC OC OO слил unna PR Ф PWWWW WWWHR ююююю мымым HO 


м-.. 
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NATURAL COSINES 


[Numbers in difference columns to be subtracted, not added.) 


Mean 
Differences 


ә 


АРАФА 
OO OO O0 ососоос соосос Ф о о Ou млл молл лл uut uttutua аса 
ООо оо OOOO ооо оосо 00 00 00 00 оо 000000 00 00 0600 оо оо 00 оч чом чмо чч 


1 
2 
2 
2 
2 
2 
2) 
2 
2 
2 
2 
2 
2 
3 
3 
d 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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NATURAL TANGENTS 


Mean Differences 


AD сосаз сосоосос ooooo 
OO ооо оороо Oo O00 


пло 4» dh de dad» Ф dh d Бш шоо) VW WAWU оо шд шо 02 G2 | ы 


{Ае ү 
38 у 9325 | 9358 |9391 
| «4 |} 9557 19691 | 9725 
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NATURAL TANGENTS 


Mean Differences 


2 

0176 6 12 18| 24 3 

0538 6 12 18| 25 3 

0913 | 0951 6 13 19] 253 
1263 | 1303 | 1343 7 13 20| 27 3 
1667 | 1708 | 1750 7 14 21| 28 3 
2088 | 2131 | 2174 7 14 22| 29 3 
2527 | 2572 | 2617 8 15 23| 30 3 
2985 | 3032 | 3079 8 16 24| 31 3 
3465 | 3514 | 3564 8 16 25| 33 4 
3968 | 4019 | 4071 9 17 26| 34 4 
4496 | 4550 | 4605 9 18 27| 364 
5051 | 5108 | 5166 10 19 29| 38 4 
5637 | 5697 | 5757 10 20 30| 40 § 
6255 | 6319 | 6383 її 21 32| 43 5 
6909 | 6977 | 7045 11 23 34| 45 5 
7603 | 7675 | 7747 12 24 36| 48 
8341 | 8418 8495 13 26 38 51 
9128 | 9210 14 27 41| 55 
9970 |2-0057 15 29 44| 58 7 
0872 | 0965 16 зі 47| 63 7 
1842 | 1943 | 2045 1 1| 68 8 
2889 | 2998 | 3109 18 34 E 73 4 
4923 | 4142 | 4262 20 40 60| 79 9 
5257 | 5386 | 5517 22 43 65| 87 10 
6605 | 6746 | 6889 24 47 N| 95 11 
8083 | 8239 | 8397 26 52 78|104 1 
9714 | 9887 |3-006 29 58 87 Ked 
1524 | 1716 | 1910 32 64 96| 129 16 
3544 | 3759 | 3977 36 72 108 | 144 18 
5816 | 6059 | 6305 41 81 122 | 163 20 
8391 | 8667 | 8947 46 93139 | 186 2: 
1335 | 1653 | 1976 53 107 160] 213 26 
4737 | 5107 | 5483 


8716 | 9152 | 9594 
3435 | 3955 | 4486 
9124 | 9758 6-0405[6-10666-17426- 
6122 | 6912 | 7720 | 8548 
4947 | 5958 | 6996 | 8062 
6427 | 7769 | 9152 [9'05799-20529- 
10:20] 10°39 |1058 | 10°78 | 10-99 | 11:20 
12°43] 12:71 | 13:00 
15:89 16:35 | 16:83 
22:02/22:90| 23:86 
35:80 38-19 


Mean differences ceat 


Sufficienw 
accurate, { 


30°14) 31-82/33-69 
63-66] 71.628 


б 
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